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A1lS’1’RACT

Wc implement a ncw method by which 10 slu(iy (11c faint cn(i of Ihc field star luminosity

funclion.  The mc[hod relics on deep, multicolor pholomc(ry  of fields projcclcd  against highly

obscured, nearby molecular clouds. I’hc clouds acl as nc.arly  opquc  scrccns  and delimit a wcll-

dcfincd  survey volume which is in principle free of the problcm  of distinguishing nearby, intrinsically

f~int dwarf stars from more dis[an[ rcd gianls.

‘1’his study is based upon dccJJ phonographic and C(:I) photometry al optical (V, R, I)

bandpasscs  rewards the mosl highly obscured portions of’ the ‘1’aurus and ophiuchus nm]ccular  clouds.

I’hc total volume delimited by the clouds  is -200” pc3. Within this region our survey is complclc  for

all slars brighter than Mv = 16- 17 mag;  at R and 1, the survey is complc[c  (Iown to ihc IOWCS1 mass

stars capable of sustaining core hydrogen burning.

Color-color crilcria arc used to distinguish bc[wccn background, highly rcddcncd s[ars and

s[ars loca(cd  in front of Ihc clouds, an(i (1]c nlcIhod of photomc[ric  p:irallax  is used 10 dcducc  lhc

absolulc  magni[udcs  and spcclral types of lhosc stars found 10 lic in front of the clouds. ‘1’o help

futlhcr rcso]vc forcgroutldmackgroL]ll(i”  ambiguities wc have made proper motion mcasurcmcnls of the

candidalc  forcgmund  stars using lhc phonographic and CCD data,  and lhc Palomar Sky Survey.

Wc cslimalc (1IC faint cmi or the iicld sltir ]uminosily  func[ion for the composite Taurus and

ophiuchus  foreground sample and find that it rcscmblcs  the local luminosity function  down to Mv -

16. Al s[ill fainter magnitu(ics  wc find more stars than do photometric parallax sludics  of (hc polar

regions. ‘1’his diffcrcncc  widens dramatically if even [hc simplest correction for incomplctcncss  is

applied 10 our data. Wc thcrcforc  tcnta[ivcly  conclude Iha[ the luminosity func(ion rises beyond Mv -

1 (i; even if wc discard our allcmp(s (o correct for incomplclcncss  in the fi~intcsl  magni[udc  bins, lhc

luminosity func[ion at lcasl  remains [lal for lhc ]owcsl mass SliilS.

Our provisional finding that the luminosity funclion  rises again beyond its well-known peak al

M, - 12-13, implies tha[ Ihc IMl: probably rises bcyonci  the turlmvcr  point associated with this peak.

]ivcn if ml most conscrva[ivc  cs(ima(c for lhc failll cn(i of the ]uminosi(y fUllCliOl) is used - ill WhiCh

no corrections arc made for incomplctcncss  - lhc IMli must at lcas( remain flat down to the edge of

Ihc hydrogc~]-l~~trtli~~g  main scqucncc.

Subject HcdingLv: Stars: l.atc-’l’ypc,  1.ow-Mass; l’hommctry;  1 mtninosi[y I:unc[ion; As(romclty.
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1. lnltwduclion

Nolwithsmnding  ils bnsic impmlancc, the initial Jnass funclion (lMI;; &dpctcr 19SS) is poorly

known in a number of ways, and as Scalo (1986) has emphasized, (I1c very cxislcncc  of a widely

applicab]c  mass funclion  rcm sins more assumption tha[ ) obscrva[ionall  y cslabl  ishcd fact. While the

general hope is that  the physics of star formalion  is sufficicn[ly  universal to promote lhc cxistcncc  of a

mass distribution which varies only gently will] the various f:iclors  known to influcncc  star formation

(such as mctallicity  and molecular cloud mass), the bulk of wbal wc know concerning the IMF –

parlicular]y  al the low mass cnd which governs lhc dynamical behavior of galaxies - is based upon

obscrva[ions  of field stars in (11c immcdialc  solar neighborhood. “1’hc local  IMl; ncccssari]y  rcprcscnls

an average over a mixed cnscmblc  of slars, some as old as the (ialaclic  disk, which formed in

diffcrcn[  park of the Galaxy and in diverse cnvironmcll[s.

l;undamcntal  ambiguities plague the dctcrminalion  of the IMt: at both its high and low mass

CINIS. AI the high end, obvious (Ii f(icul(ics slcm from [hc grcal  rarity of massive, very luminous slars.

At the low end, Ihc main problcm is (ha[ the Icas[ massive slar arc intrinsically very faint and can only

bc observed in rcla(ivcly CIOSC proximity (o the Sun.

‘J’hc IMl; is ilsclf not directly ohscrv:iblc,  bul rii(hcr is cotnputcd  from Ihc luminosity function,

@(Mv),  the ]~lass-llll]lil~osi[y  rclaiion,  and Lhc bolomc(ric  corrcc(ion, ignoring (}1c formidable problems

associated wilh dclcrmining  the ]]]:iss-lull~il]osity  rclalion,  ii should bc noted that the luminosity

function, is the fundamental Ascrvablc quantity for slu(iics  of the mass funclion. 1( is usually

cxprcsscd as the frequency distribution of stars pcr uni[ volume pcr unit absolute visual magniludc.

Constructing statistically complctc  samples of P~ini (and thus low-mass) main scqucncc  slars in

order to cstimalc lhc luminosity funclion has proven 10 bc cxlrcmcly  difiicull, even for the immcciialc

solar neighborhood. Studies relying only on stars with measurable trigonometric parallaxcs  (cJ Wiclcn

ct al. 1983; llcnry & McCar(hy  1990) have been carried out and ncccssaril  y pcr[ain to oJdy the CIOSCSI

((i <25  pc) stars. Olhcr approaches, including those employing kinematic an~i proper motion

constraints (@ 1.uylcn 1963 & 1976; Dahn ct (//. 1986), an(i oplical/infrared photometric surveys (($.

l{cid & (iiinmc  1982; IJocshaar  & ‘1’yson 1985;  1.cggct[ & 1 lawkins  1988; Tinncy et d. 1992) have

aucmptcd  [o cxlcnd sanlJJlc  volumes [o dislanccs  -100 J)C. “1’0 onc extent or another, all these slu(iics

arc plagued by sclcclion  biases an(i poor sl:itis[ics,  an(i mosl Jmsscss  limiting absolu(c magnitudes of

only 14 - 15 at V.
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“1’hc  luminosity funclion  is pocwly undcrslomi  - and thcrcforc  somewhat ccmtrcwcrsial  - for

stars with abso]utc  visual nlagnitudcs  cxcccding  13 l’or example, [hc ]uminosity  function cmnpu[cd

by (iilrnorc & Reid (1983) peaks in the range 11 < Mv < 13, and cxhibi[s a steep dcclinc  at higher

magnitudes, lntcrcstingly,  there is also a suggestion of a rising trcn(i at the cxtrcmc low cn(i of the

func[ion. ‘1’hc luminosity funclions  of liawkins  & 13 CSSC11 (1988) and l.cggcll & Hawkins (1988) also

appear to rise or a( lcas[ remain fiat for masses nc.ar (I1c lly(irogct)-burl)illg  limit. ‘This is intriguing,

since a rising or flat mass func[ion that  cxlcnds  bcyon(i Ihc limit of the minimum mass required 10

sustain hydrogen-burning would demand [ilc cxis[cncc of a large number of dcgcncratc  brown dwarfs

in li]c C]alac[ic disk. (Given the abscncc of any con firnc(i brown dwarf can(iida[cs, however, it is

difficult to avoid ti~c conclusion Ii]a[ even if li]c Ih41: con[inucs (o rise. for masses <0.08  Me, it must

soon Iilcrcaftcr  stccp]y (icclinc.) in iil)y case, rcccnl  rcsul[s suggcsl thal i)rcvious surveys which foun(i

a (icclinc  al tile fidin[  cnd of the luminosity funclion may simply nol have been sensitive 10 a

subscqucn[  ‘butnp’  or rise.

“1’his  paper is a s[u(ly of [hc fainl cn(i of the ficl(i s[ar luminosity  function, down to limiting

magnitudes which corrcspon(i LO masses near the lly(irogc[)-bu]l]i])g limit, in regions considcrab]y

beyond (I)c Solar ncighborhomi. 11 implcmcnls  (I1c ai>proacil  firsl suggcstc(i by llcrbsl (SCC 1 lcrbsl &

I>ickman  1983), which relics on deep, multicolor pimlomc[ry  of Iicl(is imjcclc(i  againsl  heavily

obscurc(i,  nearby molecular clouds. l(ically,  such clouds acl as (iislatlcc-lit]lilillg  opaque scrc.ens,

confining the sarnplc of forcgroun(i  licld s[ars an(i minimizing lilt. confusion c:iuscd by background

ficid dwarfs and Ia[c-type giants.

II) or(icr to obtain rcasonab]c  slalislics  with this mcthmi, onc must C11OOSC  molecular clou(is

having highly obscured rcgicms of large angular extent, I;ur[hcr, bccausc the search volume probed

varies as the cube of the clou(i’s (iislancc for an OJXK]UC  region of conslant  angular area, lhc

rcquircmcnt  [i)al  onc bc able [o observe (1IC fi~intcsl  ixxsii>lc  sl:irs  with the smallest possible tclcscoi~c

dicta[cs tha( rcla[ivcly  nearby clouds bc sclcc[cd for s[udy. ‘1’his was done as follows. Deep

multicolor 4-m photograpily  of the 1 lciics’ Cloud 2 region in the ‘1’aurus molccutar cloud complex, an(i

of 1.1689 in the p ophiucili ctou(i (Jarrctl,  Dickman & 1 Icrbst 1989; IIickman & IIcrbsl 1990)

rcvcalcd  the localions  an(i extents of the fiiamcnts  an(i cores in these regions witi] extinctions

cxccc(iing  15 magnitudes at V.

To obtain a sample complctc  10 Mv - 16- 18, requires photometry wi[h limiting visual

magni[udcs  of -22 - 23. (Dclails  concerning the (iala a!~d ti]cir  acquisition arc given in $2). IIowcvcr,



despite their very large cxlinclions,  molecular clouds LUC not totally opaqLIc al such limiting

magnitudes. Color-color criteria mus[ thcrcforc  bc applied in orcicr  to (tislinguish rcddcncd

background stars from inhcrcn[ly  rcd slat’s  locxtlc(i in front of the clouds, “l-his requires that wc

accuralc]y  dclcrminc the visual cxlinclions  of lhc molecular clou(is  in our sanlp]c. Wc employ slar

counts  to accomplish this ($3). ‘1’hc  mcdmd of pho[omc[ric  parallax is uscci to (icducc the absolute

magnitudes and spcclral  lyJ>cs of lhosc stars found to lic in frotlt of lhc clou(is.  ‘1’o hc]p futlhcr

resolve foreground-background ambiguities, wc supplcmcni lhc plm[omclry  d color-color results wilt]

proper n~olioli  mcasurcmcnts of the C:in(ii(iiitc  forcgroul~(i  slars (as outlinc(i  in the Appendix),

comparing lhc C(3I and photographic (iala with circa 1950 l’alomar Sky Survey fields. ‘1’hcsc  results

arc discussed in S4. ‘1’o test lhc cfi’cclivcncss  of [hc tccimiqucs  usc(i to distinguish bctwccn  forcgroun(i

dwarfs an(i heavily rcddcncd  backgroun(i stars, wc obl:iincd  optical spcclra  of three candidate stars in

‘1’aurus.  This work is discussed in 55. Wc then cslimalc  ti]c ficlci star luminosity func(ion from lhc

~’aurus and Ophiuchus  ficl(is,  an(i cons[rain tlIc low mass cmi of lhc initial mass funclion.  ‘i’hcsc

rcsulis  and a discussion of their imi~licalions  arc prcscnic.(i  in 56.

2. obswva(ions  and l)ala

‘1’hc dam collcctc(i in this program consist of o])tical  phonography and CCII images of fickis

toward the Taurus an(i p Ophiuchi molecular cloud complcxcs.

2.1 Photography

Deep prime focus p]atcs in [hc Kron J, Ii al][i N txtmis  (Bruz,ual  1966;  Kron 1980) were Iakcn

using the 4-m tclcscopcs  at CI’l C)’ :in(i Ki([ Pcakl (iuring  1983 and 1986, rcspcc[ivcly.  These p]alcs

were used m:iinly  to locate the most obscurc(i  portions of each clou(i, to estimate their cxiinciions,

1 “1’hc Natiomil  Optical Astronomy Obscrv:iLorics :irc opcr:ttcd  by (11c Association of lJnivcrsitics for

Research in Astronomy, inc., under conlracl  with the Natiomil  Scicncc ];oundalioll.

—..

and [o form simrl-lcrm proper motion b:isclincs. ‘1’hc  fict(is obscrvc(i at (Ti’10 were two -50” diamc.[cr

areas toward the p Ophiuchi molecular clou(i  complex, onc lying in the soulhcast  filamcn[ of the

cloud, 1.1689 [~(1 95(1) = 1 (it’ 30”” (K)’, 6 = -24° W’ ()()”1,  :it~d the second in a nearby, nearly cx(inc(ion -

frcc region [u(1950) = 16}’ 32”’ 30’, S = -25°00” 00’’]. A single -50” diameter iicld toward 1 lcilcs’
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CYoud  2 in the Taurus molecular cloud [u(I 95(1) = 4h 37”’ 55s, 6 = -t 25° 46’] was observed with the

KPNO 4-nl lC]CSCOIW.. All plates were exposed using a Racinc prism.

Dcnsitomclry of [hc plates was carric(i  out on [hc Yale and Univcrsily  of Minnesota PDS

nlachincs,  rcsWclivcly.  I]VR~l~  pholoclcclric  photometry was also oblaincd  for a number of slars itl

the cloud an(i rcfcrcncc regions having aJ~parcnt magnilu(ics as fidint as 17, using a single-channel

pholornctcr  on the 60’” (1 ,5+1) Cl’lo an(i 50’” (1 .3-n~)  KPNO tclcscopcs. ‘1’hcsc stars were calibrated

using a set of Kron slandmis,  the rcd(ics[ being the M dwarf slat Wolf 359 ((il. 406: V-R = 1.86, R-1

= 2.18; scc lJCSSCI1  1990), q’hc BVI magnitudes were convcrlcd  [o their J, F, N equivalents using the

transformations given by Kron (1980), and [hc rcsultini: J, l;, an(i N nlagnilucics  for each slar were

Ihcn used to calibralc  dcnsi[omclric  di:~t]~c[cr-1~1’igllt[~css  scqucnccs  al each color. Bccausc a Racinc

wedge was used, calibration of the fickis was sccurc(i  to the pla[c  ]imil in each color. Wc cstitna[c  lhc

accuracy of lhc magnitude dctcnnina(ims in each bmi to bc -0.2 msg.

TJIC cnd rcsul[ of lhis process was a catalog containing Ihc cormiinalcs  and J, };, N magnitudes

of each star briglucr th:in the pla[c  limits in the clou(i  an(i rcfcrcncc ficl(is;  J <23,  F <22,  and N < 19.

‘1’hcsc values arc not as deep as (}1c  iia[c ]imi[s,  bu[ rcprcscn[ va]ucs al which all dclcctcd  slars arc

likely m bc real an(i i~avc app:ircnl  magnitudes (iclcnninc~i  to -(),2 mag or bcucr.

2.2 K1’N() CC]) Observations

CCD images of the ‘i”aUrUS  ami (li>hiuchus  fickis were ma(ic wilh ‘1’ck!ronix 2048 x 2048

camcrm on the #l 0.9-n~ tclcscopc  at Kitl I’cak Nalional  obscrva[ory. ‘i’hc l’aurus obscrvaiions were

carric(i out in (lclobcr of 1989, and the ophiuchus  obscrva[ions  were ma(ic ciuring  May 1990.

‘1’ilrcc CC1) iicl(is  were imagc(i  in I’aurus  using V, R and 1 filters. The areas each cover 26’ x

26’, and arc ccntcrcd  al locations (cimch 1950): (1) a. = 4t’ 38’” 06S , 8 = 25°36’10”, (2) w = 4t’ 36’”

35s , 8 = 25°37’ (M” , and (3) a = 4“ 38”’00’, b = 25° 57’ 1 3“. ‘1’hc  Ophiuchus  data SC( is con]~wsc(i

of onc 23’ x 26’ CCD field cxposc(i  ti~rougb V, R an(i 1 filters, anti ccnlcrc(i  at u (1950) = 16h 29”’

45S, b (1 950) = -24°23’ ()()”. ‘1’hc  V an(i 1{ fil[crs were KPNO s[amiar(i 1 l:irris  fil[crs (cf. KI’NO 4-m

‘J’clcscopc  manual), and the 1 filler an RG715 (cf. Bcckcr[  & Ncwbcrry 19S9).

IT] order to calibra[c  the (ia[a, a SC[ of 1.andoll  slan(iards (i ,an(ioll  1983) was observed. The

same slandard s[ars used in the photographic pholomclry  rc(iuclions were also imaged using lhc CT1l.

‘1’i~c VR~l~  magnitudes were convcr[c(i  to Cousins cquivalcnls,  Vl<{l[.,  using transformations from
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IIcsscll  & Wcis (19X7). ‘1’hc scccwiary s[andards arc cri[ical  [o the calibration, since I.andoll  standards

arc gcncral]y  nci(hcr  rcd enough nor faint cnmgh to include hcavi]y obscured slars lying behind (hc

molecular C]ouds or the lcasl luminous rcd dwarfs. ‘l’hcrl’aurus  and ophiuchus  sccon(iary standards

have (V-J<) and (1<-1) colors as rcd as -2.2 magni[udcs,  but the 10WCS1 mass M dwarfs have (R-1)

colors that tcnnina[c around -2.2 - 2.4 m:ig, rcdward  ofitlc linear calibrations. Wc arc thcrcforc lcfi

with lilllc choice bul to cxlrapolalc  (I1c linear rcla[ions ().1 - ().2 magnitudes beyond thcirmcasurcd

limit. ‘1’hcpotcn[ial  for Sys[cn~a[iccrrors  fortt)c rcddcsl slarsthcrcforc  cannotbc  ruled out (this is

discussed fur[hcrbclow).

Eacl~raw CCI>il]];igc  w~assl]t~jcctc(l  l(~t>i:ts:ll~~i(l:lrk  currcn[ subtraclicm,f  tat-f  icldingand

correction for a[mosphcric  cxlinclion. ll{AI; was used Iortl]csc corrcclioils,:i]ld thccxtinc[icm

cocfficicn[s  (which were subslantiat  forlhc ophiuchus  (iata) were chcckcd  against mean site values

(scc Jarrcll  1992) ;]lotc,l  low’cvcr,t  l~:ill]odti(:i wcrct:ikc[l lov:ir(itl]cop  l]” ficldsa[ airmasscs> 2,.

Aftcrthcsc  corrccticms  were made, the rcsl]lli]]g i]llagcs  wrcrcclc[~t~cd  of cosmic rayhi[s and cosmetic

anomalies anti combined into a single, deep exposure forcach filter. individual stcllarprofilcs  were

lhcn located, isolalcd,  and measured using apcr[urc  pholomctry,  and magnitudes assigned at each color.

l{rrorsin the raw s[cll:irt]]:igt]itllcics  wcrccstima[c(i  from sky and poissonnoisc,  ins[rumcnt

read noise and It]c numbcrof  pixels in [hc pholomclry  apcr[urc (wl]ich  depends on the seeing), A lCSS

easily quanlifiab]c  sourccof random crrordcrivcs  from the cosmc[ic  quali[y of Ihc CCD i(sclf.  “1’hc

ins(rumcnts  used in [his study were K1’hlO’s  iirs[ generation of ]argc-formal  CCDS. LJnforhmalcly

these chips havclilcml]y  thousands of pixels with non-l incarrcsponscs  ({~.k,a. tr~ps) which misbehave

according to [hc dcgrcc  of filling of’the potcn[ial  WCIIS  (Ihc smaller the filling, the worse the problcm).

‘J’hcscpixc] traps wcrcclcancd  from tllcdat:t  m’l]c]]l~osilivcly  identified.

Rawmagnitudcs  w’crctr:il]sf(~r[llc(l  10 [llc Cousins (1976) systcm using Illcaforclllctltiotlc(i

l.ando]t  and secondary slandards. Asw'illl tllc]>l]o[(~gr:il>llic  \>l](>[()]]]ctry, tl]cctld result of this

rc(iuclion process was a ca[alog containing tl]c cxmrdin:i[cs  and (:ousins V, R, and 1 magnitu(ics  for

each slar. LJnccr[ainlics  in the rcduccd magni[udcs  arc also included and con[ainnot  only poisson

contributions, but also a random Icrm arising from errors in lhc slandard  calibration; these were

cs(imatcd  from a least-squares analysis of the transfonna[ion cocf(icicnts.  Wc find the color

transformations of (v-r) & (r-i) to (V-R)C  & (R-I)CIO  bc linear will~in  [hc sca([croflhc  data to the rcd

limit of (V-1) -4.1. I’or colors rcddcr  than this limi[,  ll]ctr:illsf(~tll~  :iti(~]llt]ay  well bcnon-lincarduc

10 Sys[cmatic  cffcc[s. A prime source of [hcsc arc the (ii ffcrcnccs  bc[wccn the CCD filter syslcms  (and



thcquantum  efficiency oflbc  CCD ilsclf)and  IIJC Cousins fillcrrcsponsc  functions, coupled withthc

complicated red-band spectra of cool stars (cf. Ilcsscll  1986;  ‘1’aylor 1986). ‘1’hcrcsponsc  funclionsof

the IIarri s}< fillcruscd  will] CCDdctcctors  at KI’NO and (I)c corresponding Ck)usin sfiltcrarcslightly

diffcrcnl  at long wavelengths2 . “1’hcscdiffcrcmccs  arcmagnificd  upon cmlvolulion  wilha

‘rl’hc cx(cndcd  t:iil  of lhc Cousins R filtcrrcsponsc,  ral]ging  10- gooo ~, compared to Ihc more

rectangular llarris R filter response which cuts off ’at -8500A, ” conspires to syslcmalically  brighlcn a

cool rcd star measured using a Cousins R filler rcla(ivc m wha( is mcasurc(i using Ihc IIart’is filicr.

T’hciiltcrrcsponsc  fllllc[i(~]]c)f[llcl{G715  fillcrl];ls:il]  l-b:i[l(i rcs]~()l]sc  cl~itrac[cri~,cd  byasl~arl~cul(~ff

al the blue cnd (-7000  - 72(N A), similar m the. Cousins 1 fil[cr, peaks al -75(X)A,  and ramps

dov’l]wt~r(ito-1(~()()~.  Sil~cctllcCOL]si]~sl  fil[cr is mostly rcc[:il~glll:tr,  tl~c I<G715  1 band filter will

bc nmrcscnsi(ivc  10 the flux of acool slar.

lalc-typc  dwarf spcc[rum,  wllcrcdccp  ]]](~lccl]l:ir:tbsorl>lio]]  fcalurcs appcarbctwccnthcR  and 1 ~illcrs

and, particularly, within the l-band fillcrilsclf.

“1’osummarizc, f(~rbollltt]cl’:~l]rus  and ophd ala sets, wcmcasurc  V-band lii~li[itlgnlagl~itl]dcs

of 21.2 * 0.1 an(i 22.2 * 0.2. AI the brigh[  end, calibration to Ihc Cousins sys[cms  rcsul[s in a

plmlomc[ric  L]llccrl:]ill[ylilllil  ofo.03 - 0.(}4 msg. ‘1’hcl<  an(i 1 [i:it:i l];tvclil]liti]~g  ]~]agIlitlldcs  of21.()

t ().()1 ~~n(i 20.5 + ().], r~sljcctivc]Y;  IINIS, since mm ofthc  stars in the fields arc heavily rcddcncd,  the

(V-I<) :\l]d(l<-l)  colors ll:~vc~]]]ccrt:lill[  ics()f~lpto  lo% f(JrV<21.5 t022..().  Inthissludy,  wclimil

our analysis 10 s[ars with (R-1) color unccrlainlics  S 10% - in this case, V mngnitudcs may have

unccriainlics  as high as 17%.

3. Sl:tr{:IJ~lllts:ill{l Visual ltxlinc[ions

]n this work it is of ccn[ral  importance to(ictcr~l~il}ct  l]c(iisli’it~l]tio[lof  visual”  cxtinclionovcr

tl]c~~lolccl]larclo~lds  which dclimil  the fields sclcc[cd  (brs[udy. Only if tl~c visual cxtinctitm  is

known, can a background s[ar’scolorsc:in  bcdcrc(i(icnc(i,  thereby :illow’it]g  coIlslraiIl(s  to bcplacc(i on

its spcclml Iypc, luminosity class; a star clmcr than lhc I]lolcclll:trcl(Jt](i  wili have lil[lc or no

reddening, so that attempting (o dcrcddcn  its cotors will place it in an unphysical region of the color-

color plane.



Extinctions duc to the molecular clou(is  were cs[imalcd  using the mclhod of slar counts (SCC

Bok 1956; lli~kmii]l  1978), q’hc extinction at each color was it]itia]l  y dctcrmincd  over areas 1 ‘-2’ on a

side; mean extinctions for larger star-free regions were compu[cd  according {o the prcscripticm  given

by Dickman.

All slars were trcalcd as backgroun(i objccis. in pritwiplc,  this means that the extinctions

dctcrmincd  at cacb location in lhc cloucis  arc only lower limits. 1 ]owcvcr, for any rcasonab]c values of

the luminosity function,  ii is easy to show that bccausc the ‘1’aurus and Ophiuchus  clouds arc so C1OSC,

this simplifying assumption has virlually  no practical impacl on IIlc rcsulls of intcrcsl  here. ‘1’hc

details of Ihc extinction (lctcrt]li]~:i[i(~lls  varied somcwhal  bclwccn  IIIC two cloud fields, and arc

discussc(i scparalcly  below.

3 .1  ‘1’allrus

Even the most lightly obscured areas wilhin the photographic and CCD fields for ‘1’aurus have

significant cxlitlc[ion. Accordingly, wc chose as a fiducial rcfcrcncc  field the 5’ square area ccntcrcd

on location u(1950) = 4]’ 391’ 45s, 6 = 25°45’. , and initially cximsscd all photographic extinctions

rclalivc  to this region. “1’hc  residual extinction wi[hin  this bmm(iary was scparalcly  dclcrmincd  to bc.

Av = 1.7 mag, as dcscribcd  by Jarrcl[  (1992), and this value subscqucn(ly  added LO all cxtinc[ions

dctcrmincd  rclalivc  10 the fiducial rcfcrcncc, I’hc C[:I) fields did not include the fiducial rcgicm.  Wc

thcrcforc cbosc as CC1> rcfcrcncc fields two 4’ x 6’ boxes ccntcrc(i  al cx(l 95(1) = 4h 39h 05s, 6(1950) =

2.5°45’, and cx(1950)  = 4h 38}’ 55s, 6 = ?.6° 05’. As a first :i]>]>roxil]~[i[io]~,”  wc cxpcc[cd  the residual

cx[inction  within these wcas to bc the same as duit ill the photographic rcfcrcncc  field. A more cxac[

trcalmcnt,  using a s[arcounl model of the Galaxy (J:lrrctt 1992) gave a slightly higher residual

cxlinclion of 2.() msg.

Star counts at I provide [hc grcalcs[ pcnclralion  of the cloud. Wc divi(icd  the 1 bnnd CCII

field in[o a grid of rcscau CCIIS in 1.4’ x 1.4’ si~.c. ltl each square, the number of slars with apparent

magnitu(ics  brighter than 20.8 W:IS counted and scaled to a corrcsprmding  area of 1 dcgz. “I”lmsc rcscau

CCIIS  with no stars were assigned a COLIM of 1, and contiguous areas of Y.cro star counts were assigned,

as a group, onc count. ‘f’hc cf’fcclivc cxtinc[ion  towarcl  each square tit 1 is [hen found from the

rcfcrcncc  fields dcscribcd  above. Visual extinctions were compuIcd,  using the reddening law of

Savage & Mathis  (1979): Av z 1.69A1. “l”hc resultant visual extinction map was then smoolhcd  using

a sharply-peaked 3 x 3 gaussian [illcr. ‘1’his  rcducc(i  the statistical errors associated with the most
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ohscurcd  pmlicms  of the cloud and cffcc[ivcly  snmo[hcd the abrupt transition bc[wccn  regions wi[h

modcmtc  extinction and [hose with extinction SCI by the ]owcr limit,  (’I’his sharp gmdicnl  is non-

physical, and is (iuc 10 the way that small sample slalis[ics arc lrcatcd find 10 the discrcctncss of the

star counts.) A grcy-scale image of [hc visual cxlinc[ion map dclcrmincd  for the }Icilcs’  Cloud 2

CC]> field is shown in Figure 1. overlaying tbc map arc con[ours of Av = 5 and 1(). The cx(inction

values range from 2 to a lower limit 23 magni(udcs.

3.2 ophiuchus

“I’l~cpl)ologr~  pl)icdtl[:l  iilclll(lcs  a50’dianlc(cr rcfcrcncc  licld, cxposcd althc  Kror~J,  Fand  N

t~:ill(is, al~dccfltcrc(i:ll  a(1950)=  16’’ 32n’3(T,  S =-25000’(X)”. l~ickman  & llcrbs[ (1990) used this

da[a tocorl-ccl fort l]crcsidu:il  cxtinclionat  tl~cc(igcoftl~cclolld” field propcri 1’101s of the cumulative

stellar surface density curves, corrccxcd for residual cxtinc[ion,  a[ all three colors can bc seen in

Dickman  & Ilcrbsl (1990). lnthcirs(u(iy, lhc N-ban(i  st:ircoLltl[sprc~vi(ic(i  tllcdcc[~csl  l~~casllrcoftllc

cxlinciion,  largely duc to the longer wavclcng[h  (~ - 794 ] ~); [hc N-ban(i  p]atc  ]imil was

conscrvativc]y  acioplcd  10 bc 19.5 msg. Wc usc(i lhc N-ban(i  star counts of (I1c ophiuchus  rcfcrcncc

ficki  (O calibrate the CCII images cxposc(i a( Cousins 1 ban(i.

The l-band CCi>  ~icl(i covers a 23’ x 26’ area ccn(crui al o.(1 950) = 1 tih 29”’ 45s, 6 = -24°24’

1 ()”. ‘1’hc  field was (iivicicd into a 21 x 19 rcscau gri(i with CCIIS of’ siz.c 1.25’ x 1.25’. in each CCII,

the number of stars with apparcn[ magni~u(ic  brighter th:in 20.4 was counlc(i  and scaled to a

corrcspon(iing  area of 1 dcg7. Rcscau CCIIS wi[h no stars were assigl~c(i  a count of 1, and contiguous

areas of zero star counts were assignc(i, collcc(ivcly,  onc count. ‘1’hc cflcc[ivc  extinction towarci  each

square was then easily dctcrminc(i.

“1’hc  same factor as in the case of ‘1’aurus was a(ioptcd  to convcrl  the l-band obscum[ions  to

visual cxlinc[ions. ‘1’hc rcsu]lant visual cx[inction  map was then smoolhc(i  using a gaussian  fil(cr. A

grcy-scale rcprcscn[ation  is shown in l;igurc  2, with contours of Av = 5 and 1() shown. l’hc visual

cx[inc[ion is as low as 3-5 mag al ihc oulcr pcrimc[cr  of [hc ficl(i, and cx(cnds to more than 21 mag

wilhin the inlcr ior. “I”hc (iarkcst  regions h:ivc  contiguous CCIIS wilh no stars brigh[cr  than the plate

limil.
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4. Color - Color Aualysis

A kcy a(Jvant:~gc  of using plmtomctric  tnctl)(xls to scarcl)  for low []]iiss  slars is the tcchniquc’s

freedom from kinematic and population biases (c~. I Ianson  1983). l’ur[hcr, by using multi-color

photographic or ~~1) pho[omctry,  large areas wi[ll (iccp  limiting magnitudes can bc surveyed -

typically, the rcsultanl search volumes arc al lcas[  an order of magnitude grcalcr  than that of parallax

surveys. }Iowcvcr,  allhough phommctric colors can bc usc(i to discriminate bctwccn slars of diffcrcnl

spectral lypc,  there may bc some ambiguity bclwccn  luminosity classes. ‘1’his cffccl  can k nlininli7.c(i

by studying fields in the dircclion of nearby molecular clouds: ldcally, slars behind the cloud will bc

ci[hcr  complclcly  blocked from view or so heavily rcd(icncci  tha[ [heir colors will reveal this. h)

principic,  this permits us to isolalc a comi>lctc  sampic of ]ow mass stars - i~rovidcd  the plmtomcl  ry is

sufficiently (icci>  - wilhin tllc volume (icfinc~i  by tllc survey area at)(i [I]c (iis[ancc  to the cloud. III

praclicc,  wc simll scc [i)at wilil  [iIc (iccp i>ho(omclric (iata usc(i  here, ambiguities remain in

distinguishing cxtrcmc  M dwarf foreground stars from earlier, rc(i(icnc(i  background objccls, An

a(i(iilional  Jmlcn[iai  complication is ihc possible prcscncc  of ]atc (or mmicralcly  ]alc) lypc stars, formc(i

wifhitl the molecular clouci itscl(’ - in this case ll]c value of tim rc(i(icning  suffcrc(i by the slar is

boun(ic(i$ but csscn[ially  in(iclcrminalc.

Wc may (icmonsiratc  [hc oixl(iuc  scrcc.n  mc[lmd usil~g tile ‘1’aurus cx[inclion  map (I;igurc 1 )

and a Galactic slcllar  (iistributicm  model. “1’i]c slcilar  (iis[ribu[ion  mmici  prcdicis  the surF~cc  density of

slars for a given direction in tile ~l;ilaxy,  provi(iing the cxpcc[c(i  to(al number of slars pcr spcctrdl {yim

heated within a given soli(i angic, as a func(im) of limi[ing magnilu(ic.  Wc have assumed a local

stellar number density based on previous (lclcrt~lii~:lli(~l~s of the iuminosi[y  funclion (e.g., Wic]cn cr al.

1983). Information containc(i  wi[i~in  a single simulation inc]u(ics  poiwla[ion  type (type I: disk, an(i

lyi~c 11: siilcroi(i  or halo, wilh sixl(iai  functional forms i>rcscribc(i  by Ilai]ca]l  & Soncira  1980), spectral

lypc, luminosity class (nlain scqucncc  (iwarf’ mi cvolvc(i  gianls), apparcnl magnitucics, colors and

]ocalions.  Wc imvc app]ic(i a rmiom noise funclim]  10 ti]c mo(ici plm[omclry  that  matches the

cmi>irical  val LIcs dctcrmincd  for tile ‘1’aurus (iata SC( (SCC S2). I:inaliy, wc i~avc corrcctc~i  sicllw colors

for the non-linear cffccls  of inlcrslcllar  cx[inction using a synlhclic  lcchni(iuc that  convolves slcllar

flux distributions with tile 11(~~1-rccl:tl~glll:lr  iii[crs usc(i in !his s[u(iy. l:urlhcr details of the galactic

dislribulicm  modci and ti]c syn[ilclic Jimlomclry mcdm(i arc given in Jarrcl[ (1992).
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in this dcnlcmslration wc would like m model (hc surface cicnsity  of slars that arc situated

along lhc line of sight  loward lhc ‘1’aurus molcc. ular cloud3, I’irsl consider lhc case in which the cloud

3 
in the case of p

from lhc Galactic

dots not intcrfcrc

Oph, the stellar number dcnsit  y is grca[cr Iban q’aurus (since the p Oph is only -100

ccn[cr); however, (1]c rcsulls arc similar in boll] cases.

wi[h lhc ligtl[ from dislanl slars in [Ilc Galaxy. “1’hc  prcdic[cd  number of stars

brigblcr th[in lhc (Kl> V-band limil, -22.2, locakxi  along this line of sight (Q = 173°, b = 13.6°) is

-17000 slars (Icg-z. A hislogram showing [Ilc dis[ribu[ion of abso]utc magnitude, Mv, for these stars is

displayed in l’igurc  3a. 11 is inlcrcs[ing  to no(c [hat while M (iwarfs arc (I)c most common stars in ihc

Milky Way, lhc bulk of the field slars shown in the histogram arc G and K dwarfs. This cffcc[ is a

rcllcction of a luminosity and volume bias. An impor(ant fca[urc to no(c from the histogram is tba[

late M dwarfs (MV > 12) arc prcdiclcd  to bc prcscn( in about  Ihc same numbers as evolved gian[ siars.

Ciivcn Ihal M giants have roughly the same colors as dlcir  dwarf counlcrparls,  it is clear tbal  in the

abscncc  of a molecular cloud, il would bc diflicul[  [o scparalc  tl]c tWIO classes of s[ars based on

pholomc[ric  cons[rain(s  alone, Now consi(icr  II)c case in which the molecular cloud acls as an opaque

scrccn to stars loc;t[cd bcbin(i  (I1c cloud. Wc adopt a (Iis[oncc of 140 pc 10 the Taurus cloud (Iilias

1978ii). ‘1’hc visual extinction of (hc IIcilcs’  Cloud  2 region varies from 2 to at least 21 magniludcs,

will] an avcmgc  of -5- 17 mag, ‘1’bc Io[;il  number of s[ars brigblcr  lban the ~~D limiting magnitude

is now -1600” dcg-2. in l;igurc 3b wc scc that the cloud also dircc[ly affcc[s the shape of the observed

stellar distribution. I’hc histogram of rcddcncd field stars is now dominalcd  by G dwarfs. in addition,

luminous giant  stars arc clcvatcd  in number density with rcspccl to lhc dwarfs; i.c, the cloud acts as a

bias toward dis[anl, luminous stars, while isola[il]g  the unrcddcncd  popul:i(ion  of loca(cd in fron[ of the

cloud.

As discussed in $2, wc arc conccrllcd with possib]c systematic cf(ccls  in the color

transformations, par[icular]y  al the rcd cnd of Ihc VI{] color plane. 1 Icncc, it is constructive al this

poinl to compare the Inodcl  (V-R) & (R-1) colors will) the ac[ual ‘1’aurus dala,  ‘1’hc comparison was

made by superimposing the Taurus (V-R) & (R-1) (ia[a on [hc mon[c-carlo  da[a that was gcncratcd  via

mulliplc  tri:ils.  Wc find no cvidcncc  for a sys[cma(ic  error in the ‘1’aurus color data 10 within S% or

so. Modc]s  specific to the Ophiuchus  (iala :irc also consis~cn[ with this result.
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4.1 Taurus Sump]c

While the ]imiling magnitudes of both Ihc (XHJ and photographic dala  sets for Taurus arc

comparable, the WI> pholomclry  is superior, with a limiting  accuracy of -1 ()%, compared to the 20-

25(% for tlIc photographic photometry. “1’hc remaining analysis thcrcfor’c  considers only lhc three 18’ x

26’ CCI) liclds.  Wilhin this arm about 2600 slars arc dc[cc[cd  at V, R or 1, and -1650 were dclcctcd

al all three bands wilt] at least a 1():1 S/N r;ttio  for (Iw (R-1) index, Another 20 stars or so were bright

ctmugh to satur~tc the CX]> and were discarded from furihcr  considcra[ion. ‘1’hc  rcsuhanl  range in

apparcnl  m[igniludc was 13 < V < 22.2, 13 < R < 21.5, and 13 < 1 < 20. Since the opaque scrccr~

method func(iorls best when the cloud cx[inction is high, wc rcs[ric[  oura[icntirm  10 areas ofthc  cloud

where lhc visual extinction is al ]casl 3 msg. (Wc c}msc this value so thal the minimum extinction in

thC’]’NIIWS samplcis icicnlictil  m tha( for [hc Oph [icld,) AboLI( 34% oftl]c.s  ;i!]~plcr  ct~~ail]c.d  f(w sludy

a[lcr this cri[crion was imposed. lr) l’igurc4 wc plot [t)ccolors  of all slarsdctccxcd at V,R,  and 1.

Nearly all lic above lhcmair~-scqucncc  and gianl [racks shown il] the figurc4,  i.e., most s[ars

4’1’hCdaIa were obtained from Bessel] (1991) and .lohnson  cl, al. (1966). (lmvcrsicm from the

Johnson photornclry  syslcm to tha( of (kmsins (19X()) was pcrlormcd tlsil]gc:ilibr~tiol~sof l:crnic

(1983). T'hccolors rcl>rcscr~[  tyl~ic;tl  v;illlcs  f()rc:icl~  s]xc[r:il  cl:isstl]>  loal~(i  arctodisccri~  tllcrcl:i[ivc

l(~cfltior~  oftl)c~lr~rc(idctlc(j  scqucncc. I’orthc most cxllcmc rcd (iwarfs, (R-l) >2,3,  the mcanco]ors

arc very unccrlain;  the li[[lc cvi(icncc (hat is knowr] iil)ol]i  the stars suggests (hat Ihc colors arc actually

hlucr lhan cxpcctcd.

.

arc sca[(crc(i  along the rcddcrling curves cxpcctc(i  for backgr’our}d  field stars. There arc also a fcw

slars with colors WCII /Mfow [Ilc ]]]iiir]-s~(](lcllcc. Wc [iiscuss  IIICSC ill more (ic[ail  a! lhc cnd of Ibis

scclion.

]lascti  upon a Sl:lr Collll[lll(>CiCl  (SCC $4) l]lcdonlirlanl  fr’aclionof Slars irl];igurco  arCCXpCCICd

10 bc biickgro~]t]d  G and K dwarfs; stars ~~intcrthan -18at Vrnos[likcly  to bchcavily  rcdcicnc.cidisk

dwarf  sloca[c(ibchin(i  thcclou(i  al(iis[arlccs<  1 kpc, Many oftllc slars in lhc figure arc

unambiguously rc(i(icr~c(i an(i can Ihcrckrc  bc (iiscar(ic(i  from flirit~crco]lsi(icra[iol~  as forcgrmmd

camiidatcs.  Siill, this lcavcsa large frac[icmof  s[ilrs with color-colorlocati(~rls  wilhin o.] to(L2

magniiudcs Of lhC l)liiill-SC(]UCIICC  triiCk. Wcncc(i 10 apply yet :it]()[l]cr  ctitcrior] [olhis sample inmicr

10 cull the foreground s[ars from [hc rcxidcncd  background popu]a[ior]s.
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Plm[omclric  parallax provides a mcllmd 10 isolalc ohjccls  wbosc colors  and apparent

magnituctcs  arc consislcn[  wilt] their being c]oscr [ban the molecular cloud. Since a foreground s[ar

will suffer ncgligib]c  extinction 81 1, iIs :ibso]utc  magniludc  can bc dclcnnincd by assigning lbc mosf

likely spcc[ral type based on lbc observed (V-R) and (1<-1) colors. Since most dala points in l~igurc  4

do nol ]ic on lhc average main scqucncc  lrack, (1]c lcasl  biased approach is 10 simply dctcnninc  lbc

ncarcsl poin( on tbc main -scqucncc track, bcrca(lcr  rcprcscn[cct  by lbc subscript (), as in (V-R)O and (R-

I)t,. Wc can lbcn assign a spcclral [ypc and abso]utc magni[u(ic  using (V,l<,l)[) and [bc mean M, vs. (R-

1) rclalion,  given in IICSSCII (1991). If [hc dis[allcc  iml~licd  by [hc apparent and absolulc  magnitude is

grcalcr than 11]01  of tbc cloud (140 pc), tbc colors and apparcnl magni[udcs  arc not consis[cnl  with a

forcgmund slar inlcrprcla[ion  and the slar is cxcludcd from furlhcr  analysis. Note lbat tbc absolulc

magni(udc-color  relation has an intrinsic sprca(i,  which, cf fcc(ivc.1 y incrcascs  tbc unccr-taint  y in tbc.

dcduccd  dislancc  as dots lbc uncertainly in lhc obscrvc(l magniludc  of lbc shtr, in addition, BCSSCII

Jmin[s  out that tbc MI - (f{-]) relation is unccr[ain  for tlic most cx[rcmc M dwarfs, with (R-I) >2.3.

‘J’o implement tbc mctbod dcscribcd wc no[c the following, I’irst, tbc fiainl cnd of (}]c

unrcddcncd  V,]<,] color Jianc is bounded by the color limi[s  of the IOWCS[  mass stars, (R-l)O <2.4,  and

(V-l-t). <2.2  (Bcsscll 1991). Allowing for 1()% plm(omc[ric  unccr(ain(y,  wc extend ibis boundary

anot]lcr 0.1 magnitudes. Sutrs wilb more cx[rcmc colors arc rcjcc[cd  from furlhcr  consideration.

Second, wc musl scl a limit 10 lhc cxtcnl Ihal lbc slcllar  colors can deviate from the mean nlain-

scqucncc track. l:or clari[y, Ict ~ bc the minimum magni[udc  diffcrcncc bc[wccn the slcllar colors

(V-R) & (R-l), an(i lbc corresponding main-scqucncc  color, (V-R),, & (f<-] ),, of an observed main

scqLIcncc  slat’. 7’IIc maximum allowed diffcrcncc,  ~,,,8X, bctwccn  (V,R,l) and (V, R,I)O defines (1)c limit

al which wc cull the data wilb [hc photometric parallax criterion: if < S L,,dx, WC tllcn aJ>ply tbc

photomc[ric  parallax mclbod 10 data poin(,  o[llcrwisc wc discard it from fur[hcr considcra[ion.  in

principle, ~r,,,X should bc small in order 10 minimi~.c  IIIC confusion caused by dislant,  rcddcncd  s[ars

that -- by cbancc  - have colors and brigbtncsscs  consis[cnl  wi[b spurious idcntifica[ions  as nearby

low mass slars. on the otbcr lum(i, ~r,,,X nlusI also bc large cnou.gh  so [INI fill true fbrcground  slat’s arc

inc]udc(i  in lbc JJbolonlclric  para]]ax cri[crion  lcs[. Wi[h -10% photomc[ry,  a forcgmund s[ar will bavc

colors tba[ at least two-thirds of the time sca[[cr wilhin 0.1 magni[udcs  of the main-scqucncc track.

Wc lhcrcforc  provisionally adopl  a ~,,18X  of ().1.

A more rigorous justification for sclcc[ing  [his value of ~,,,ti, is to employ a s[cllar dislributicm

model Ihat includes model pbolomctric  limits at~d uncct  laintics similar [o tbc observed data,  Wc will
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consider bolb cases dcscribcd  in S4, apply tbc plwlomclric  parallax test m (IN simu]a[cd color-color

dala using ~,r,,. as tbc in~icpcndcnl  v;iri:ibtc,  and compulc  two crilical ratios. ‘1’hc first gives tbc

fraction of foreground stars (i.e., 11< dC1,,U~, where l) is tbc true dislancc)  lbat  Iic wilhin  the ~,n8X

ciwclopc  and bavc pbolomctric  parallaxcs  d < d,,,),{]. ‘1’his rtitio  rcprcscnts  [bc dclcction  frequency of

foreground stats wilb our mcllmd. ‘1’hc  second ralio gives Ibc fraction of Imckground  stars - rclalivc

[o the total  forcgrmmd  candi(ialc sample -- thti[  lic wilbin tl)c ~,,,ti,  cnvclopc  and have d < dCIOu~, ‘1’bis

ratio rcprcscnls  lbc frequency of fal sc dct cclions. ‘1’bc  rcsul[s of lbcsc calculations arc shown in I:igurc

5. Without cloud obscuration (1’igurc  Sa) ~llc pcrcct][ii[:~  Of false dc[cclions  is an uIIacccptably  high

-80%, regardless of ~,,,8X. I’bc bulk of tbc samp]c coi~ttilllil~:i(ioll  comes from K dwarfs located some

2(X) to 400 pc from the SLIII  that bavc colors mimicking ttmsc of low mass rcd dwarfs. Figure Sb

dcnmnslmlcs (bc cffcctivcncss of lhc opaqLIc  scrccn mc[bod. Ncildy  all of lbc foreground s[ars arc

(Ictcctcd  wilbin a 0.1 magnitude ~,,,,x cnvclopc,  wbilc II-I(M1 of tbc background K and M dwarfs arc

scrccncd away by tbc”l’aurus cloud, ‘1’hc  c(~ll[:ill~it~:i[i(~l~  of tbc foreground samptcby  background stars

is -15% ffw ~,,,,X = 0.02, an(i slowly rises [0 -30% al <,,,., = 0.10, q’llcc(~lltalllillall[  sarclllostly  }’atl(l

G slars(Mv=  3- 6)loca[cd  wi[bin 1 kpcof  the Sun. ‘1’bc (rcddcncd)  color  so flhcsc s[ars mimic

forcgrmmd  Modwarfs,  whose locatio  non the VI<] main scqucncclrack corrcs~~otlds  tottlcpoit~t  al

wbicb the (R-I) color begins  (o (iomimilc  for tl)c. coolc.r  slars (Lllis is significal~l  bccausctbc  slope in

tbc main-scqucncc wack  at Ibis point dcpar[s from tbc lcd(icning VCCIOI). III additiml, cm(aminalion  a[

tbc 10- IS% lCVCI is dllctob:ickgroul](l”  Ml :ind M’2dw:irfs  (1)< 300pc)”  wlmsc siinulatcd  colors

mimic those ofvcry ]alc-type M dwarfs, in Ibc bins tort’cspmding 10 h4v = 15 - 17.

Wcconcludc  from I(igurc5blba[ itlcol~:i(]llc  scrcct~illcltlo(i  iscffcc[ivc  inscparating  low mass

foreground stars from nmrcdis[an[  s[arsloca[c(i bcbiml  tl~ct~lolcclll[irclolld.”  C)llcnlustusccalltiol~

however, wtlc[~c(~lll~[i[]  gtllcillfc]”rc(j  foreground s[ars bclongingto  the fi~intcsl absohlcmagniludc

bins. Givcl~lllc  ]Jl~(]lol~~clric accllfiicy  of{l}is  sl~l~ly,  tl~csct  >il~s~~~ayt~avca  fiilscd  ctccliol~frc (l~lcl~c.y(~f

up 10 -15% of tbc lotat,

Adoplingo.1  :~stllcl~l:ixil~lui~l  limit to ~,wc havcculjcd  [I]crl”aurlls (ja[aplo[lcd in} ’igurc4.

Rcsultsof tlliscffor[ arc shown inl;igurc6,  in wllicll  wc have bigbligh[cd s[tirs wi[b foreground

solu[ions (Iargc fillcci  circles): “1’hcsc  s[ars have cotors, aj)parcnt  magni[udcs,  and inferred absolu[c

m:igniludcs  consislcn[ with tbcirbcing  low-mass ]uminosily  class V objccls  Iocalc(l  in fronl of Ibc

‘l$aurus  ~llolcclll:lrc  lo~ld.”  q'llcir  l~l]()[()ll~c[tic  ~>r()]>cr[ics  arcgivcI~il~  'l'abjc 1, lncludcd  in tbclablc arc

Ibccqualorial  propcrmolions,  and Ibcircs[imalcd  errors (SCC Appendix fordcscription  of Ihctccbniquc
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wc used to measure ~]rc)~~crl~loliolls).  II can bc seen from [hc tab]c  [hat ncar]y all ofthc  foreground

cimdidatcs  lMVC rcla[ivcly  large propcrmotions,  cxccc(iing 3“ cent”’, consistent wi[h thcirbcing  localcd

nearby (parliallyduc  to rcficx motion of the Sun); in comparison, iicld  slars localcd beyond the

rnolccular  cloud should cxhibil proper motions lCSS [I]an this value.

Also shown in i;igurc 6 (as filled triangles) arc cilhcr  rcso]vcd  doubles or triples, or objcc[s

with clongalcd  profiles. 7’hc laIIcr objcc[s may bc unrcso]vcd multiple systems or young stars

associated will]  the nlo]ccular  c]oLIci. (t;or cxanlp]c,  [Ilc } la objccl,  1 laro 6-33, V-R = ] ,37, R-] = 1.S4,

cxbibits  a WCII defined ‘[ail’  or optical jc[ slruclurc.)  ‘1’hc  rcsolvc(i  doubles arc objects with two

clearly scpara!c  stellar pro[ilcs,  but wl~icll  arc spati:tlly  Km C1OSC (wi[hin 6“) to allow reliable

mcasurcmcni  of thci r scpara[c fluxes. ‘1’hcsc objcc[s may in fact bc physically itssocia[cd  systems, or

altcrnalivcly,  simply chance sll]~crl)ositiolls.” ‘1’hc la[[cr appears likely, since most of the objects arc

bright-faint pairs, with [hc faint companion very rcd relative [O Ihc bright  companion (in many cases

lhc fain[  companion is no[ dclcclcd  at V); also, the color-color dis[ribulion  of these objccls  lies

primarily tilong the cxpcclcd  rcxidcning track. 1[ is should also bc nolcci that onc of the forcgroun(i

can(iida[cs, #1433, is localc(i  -9” from a fainl rc(i(iisi] slar. ‘i’hc fidinl star’s f]uxcs al R an(i 1 arc,

unfmlunalcly, inscpar:ib]c from timsc or 1433,  so i[ is ml possii~lc  10 conclude whclhcr this star is

physically associa[cd with 1433 or is simply a (iislanl  star silining  tilrougil  lilt C]oud (subjccl  10 A~, -

3).

}iight  slars in FigLlrcs 4 an(i 6 ilavc  unusuai colors. III ‘1’abic 2 wc list the photomc[ric

propcrlics  of lilcsc  stars, Sl:irs  #90, 626, 1136, mi 1543 imIc (V-R) colors WC]] bc]ow lhc main-

sc(iucncc track. ‘1’hcsc s[ars arc quite faint,  wi[il  rali~cr  large coior unccr~ain(ics,  > 1()%, which

suggcs[s tila[  they may bc scatlcrcd  2 - 36 from the main scqucncc  or cxi~cctcd  reddening track, I@r

#W() wc measure a very high proper motion, -40’” ccnl”), which if corrccl,  strongly impiics  lhal this s[ar

belongs to the sphcmid  or 1I;I1O population; however, ti]is mcasurcmcnt simuici bc regarded with

caution since this smr is very fiiilll (near lilt limit of lilt 1’0SS SLII’VCy)  an(i its large proper motion

may instca(i  rcficct a false malci] bctwccn  our CCI> dala  SC[ and lhc 1’0SS survey (SCC Appendix).

“1’hc  most  intcrcs[ing s[ars in “1’able 2 arc the cxtrcmc  rc(i objccls, #32, 847, 893, and 1()()4, which have

colors  rdwiid  of ti]c late M (iwarf  scqucncc. ‘1’iICSC s{ars n~~y bc iiss~ciii[c(i  witil  ti]c cloud or may bC

very low nlilss slars wilil  colors 1 or 2,6  awiiy  from the ]]on]il)iil  (bu( unccr[ain)  values for M7 - M8

d WiirfS. ‘1’wo of the stars, 847 an(i 893, arc in ciosc proximily  [O tile ‘1’-”l’auri star CiN “1’au (llaro 6-31)

arxi onc of the (icnsc,  “ammonia” cores of ti]c ciou(i  (cf. Myers c1 fil. 1983; Ccmicham  & Ciuclin
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1987). As Bcichman  et d. (1986) poin[ OUI, nciirly  half ol all dcmc cows in nmlccular clouds have

associa[cd  “l’-rl’auri stars imd/or cmbcddcd  pr(m)s[ars (as cvidcn[  in [t]c Rir-infriircxi lRAS sources).

l:urlhcr,  none of lhc four cxhibils  apprcciab]c  proper nlotion. ‘1’bus, although they do not qualify as

obvious forcgroun(i candi(ia(cs, [hey iirc ])robiibly wor(t) additimlal s[udy via near-infmrcd imaging o]

Spcclloscopy.

4 . 2  ()~jl]i[lct~llsSi]ll~lJle

Asitltllc  c[iscof tllcl`aurus  c(~l(Jr-color  titl:ilysis,  wcconsidcr  only the CHldatahcrc.  I’hc

dalaconsisl  ofasinglc 23’x26’UYlficld.  Atom] of -7(X) slars was(ictcctcd  at V,R,  or]. of this

san~plc,-2(Xl  wcrcciclcclcd  at all thrccban(is with a[ ]cas[ a 10:1 S/N ratio  in (f<-]). l>uc tenon-

Iincar (U> stilura[ion  cffcc[s, -Iosuirs brigl~[crd]iln  V - 12 were ciiscardcd  from thcsamplc.  CI’hc

rcsullanl  range in apparcnl  magniludc  is 13 < (V, R) < 22.1, and 13 < 1 < 20.5.

lnl;igurc 7, wc prcscn[ the ~~l)l>l]oi(~i~lclry  of(llcsc”  sIars in the VRI color-color plane. As

ill lhc Case Of “~aUrUS  (I;igll I’C 4), 1110S1 Of [hC Sl:lrS appear IO CIUSICr dx)ul a t’CddCllillg Curve. As

before, illor(icr tobcllcr~lllticls[:  ill(i thcscpropcrlics  amontc-carlo  simulation w’llictlcollvolvcsltlc”

extinction distribution in LI)C  field wilh our (ialactic Inmicl (JarrcL[  1992.) was carried OU1 for all three

color lmds.  As cxpccicd,  rc(idcncd  background dwarfs were found LO (lol]~it~:i[ctl}cobsclvcd  star

counls; about 10 limes as many slars arc (ictcc[c(i  at l-band (I)iin al V. Stars with V > 18 arc mosl

likciy(i  - K dwarfs, and slars]lc;tr  tl]clil]lils oftilcp i~oto[~~c[ry  arcalmosl  ccllainly ciwarfslocatcd

behind Ii]c cloud, wi[ilin  1 ki~ofti)c Sun,

‘1’ilciwocc(iurcm  rclincthc forcgrmll~(i c:tl~(ii(i:llcs:il~li~ic  fur[hcris  (I1c same astha~  dcscritmi

above for ‘1’aurus. For C[iCil slar, lIIC ncarcs( poill[  from colors (V-i{) & (R-i) on lhc main scqucncc

was asccr[aincd,  ami approi)riatc  mean nlain-sc(iucllcc  colors (V-J{)O & (R-l)() assignc(i.  If the

magnitude ciiffcrcncc,  ~, bclwccn lhc color pairs is lCSS (hen ().1(), lhcn applied tile photometric

parallax criterion, Dcrivc(i  dis[:~tlccs lcsstl]a]] tilatof[  l]cC)~~l]il]ct]l]sl  ]]olccl]l[irct  oud,-” 160p c(I~lias

1978 b;dc  Cicus 1988)i[~~ply ti]:~ltllc  si:irc:i]l  t~cc(~]~sislc]~  li)~i(icl~(i(ic(i  asaf()rcgroui]d  objccl.

Results arc shown in l:igurc 8. I:orcgt’oun(i  candi(iatcs arccicno[c(i  by iilicd circles, and visuai

dollblcs all(i/or  ciiTl(ii(i:i[c  s(ars associa[c(i  with [l]c]]](~lcclllarclol](i  arc t’ciwcscntcd  by filled [rianglcs.

‘I”ilcpil(~tol]lc[ric  and inferred physical I)lo]>cr(icsif[llcsc sliirs  arc given in’i’ab]c  3. Asinti~ccascof

thcq’aurLls  forcgroun(i candidates, ncar]y aii of ti~c opt] forcgroun(i citl)(iid:itcs  cxilibit propcrmo  [ions

cxccc(iing  3“ CCIM-l. l;OLlrot)jCCISt  lli{l  arctoo”  rc(i 10 inciu(ic i]) li]istisl  ycl arc wor[i)y of]llcll[io]):
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#25, 34, 42, and 59. ‘1’bc loca[ion of (bcsc ot)jccls  in IIIC VRI plane, 2.4< (V-R),(R-1)  <2,6, migh[

suggest tluu tbcy arc cxwcmc low mass S!WS or even dcgcncra[c  objccls.  On tbc olbcr band, the

simplest answer is that tbcy arc bcavi]y mddcncd  objcc[s. I’hc la[lcr is more likely given thal  tbcsc

slars arc Painl (V -21 to 22) and (WO of tbcm, #42 and 59, bavc cx[rcmcly  rcd infrared colors (WC

discuss these mcasurcmcnts below). Stars 25 and 59 I]avc rcla[ivcly  large pmpcr motions, -4” ccn[’1,

but tbcy arc only 20 mcasurcmcn[s. ‘1’hc olbcr two stars lMvc little or no proper motion.

Anotbcr  objccl  of interest is #l 13, whic]l bas rclalivcly blue colors, (V-R) = ().2() f ().()4, (R-1) =

().54 f ().()3. ] ]owcvcr,  even lbough Ibis slar is ‘b] LIc’, (R-1) is ().2 10 ().3 mag rcdward  of a color

cxpcc[cd of white dwarfs (Bcsscll 1990). Given ils visual brigh[ncss,  17.28 t ().()5, blue colors and

rclativc]y  mall uncertainties in tbc V]{] colors. il seems unlikely iba[ this slar is Ioca[cd  bcbind tbc

Opbiucbus  cloud. Unless Ibc measured values arc in gross error, it would seem tbal lhc objccl is an

unresolved white dwiirf - rcd dwarf sys(cm. lndwd, a[ R and particularly 1, [hc slcllar profile of this

objccl  is clc:irly  ob]atc. ~boosing tbc following paramclcrs

wbilc  dwarf, Mv = 12,30, (V-R) = (),1(), (R-I) = ().1()

rcd dwarf, Mv = 16.65, (V-R) = 1.91, (R-1) =. 2,22

implies tha( at 100 pc, Ihc syslcm will b:ivc a combined visu:il  magnilu(ic of -17.28, and (V-R) =

0.18, (R-1) = ().56. I’bis solulion is, of course, nol unique, but it is likely lba[ tbc unrcso]vc(i  rc(i

companion is its late a type as dh46, wi[b (I]c pair localcci -1 ()() pc from tbc Sun. Tbc binary objcc[

bas a measurable proper motion  of -11 i 2“ CCnI-l. 1 f Ibc objcc[  is localc(i  1()() pc from tbc sun, Ihcn

the transverse vclocily  woul(i bc -50 km s“), wl)icb is plausible given Ibc bigb mean dispersion

vclocily  of wbilc (iwarfs.

4.3 ollwr $hwvcys  of tiw p opi]iucili  Region — (kmstraints  on l@rt’grounci  Stars

A number of stmiics bavc been carric(i  oul in [hc x-ray (~~. I’cigc]son  1987; Monhncrlc ct flf.

1983),  optical (Icbikawa  & Nisbi(ia 1989), infrarcci  (e.g. Wilking & 1.ii(ia 1984), and radio (Andre cf

al. 1987; Slinc et al. 1988) w (ictcc( an(i i(icnli [y younx  stellar objcc[s in tbc p Opb cotnplcx.  Wilking

& Grccnc rcccntly  surveyed lhc nor[hcrn por[ion of’ 1.1689 at J, 1 i an(i K (priva[c co]lll~lut~icatio]~).

AboLll 4(W, of tbcir survey overlaps oLlr  (:~i) ~icl(i,  wilh 18 slars common  to bo[b s[udics (Jarrcl[
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1992). Of lhcsc slam,  two arc i(icnli  ficct will]  opticxil  fbrcground  candidates from this s[udy, #92 and

S87, and an ad(li[ionitl  two corrcspon(i”  (o the cx(rcmc KXi stars, #142 and 59, discussed previously. ‘1’hc

foreground candidates, 92 and 587, have (V-K) colors of 5,() and 2.6, rcspcclivcly,  consislcnl  with the

spcclral  Iypc inferred for [hcsc objects using I1]C mc[llo(l  ou[lincd in this paper. III contrast, the o[hcr

two stars (#59 and #42) have very rcd infrared colors ( J-K > 3) suggestive of heavy inlcrvcning

cx[inc[ion, The #42 is in fact, a douhlc visual and infrared source; and is associated with a 25pm

IRAS point source, IRAS 16293-2424, ‘1’his objcc[  also lies -2’ sou[h of if/AS source 16293-2422 –

idcnlific(i  with an cncrgclic higtl-vclocit  y bipolar n~olccLllar  out (low (Watkct et d. 1986; Mundy cf al.

1986). ‘1’hc  CIOSC proximity of #42a,b to this OU[(1OW  source, as WCII as its sharp]y rising flux density

toward tllc far-infrared (SCC Jarrcu  1992) strol]gly  implies tl)al lllis  objcc[  is associated with the group

of ncw]y forming stars neighboring lhc outflow source.

in addition to the IWO IRAS point sources no[cd above, [here arc four other very fain( IRAS

sources in tt]c 1.1689 field (SCC Ilcicllman,  IIoulangcr  & Moshir  1991). None of lhcsc additional

sources arc associated with opiical dctcc[ions  from this sIudy or in(rarcd  dctcc[ions  from Wilking  &

Grccnc.

4.4 Slars will] only 1{ and 1 I)ctcctions in ‘J’uurus and ophiuchus

‘1’hc vast majority of slars (ic(cctcd  in our “1’aurLls  and ophiLlchLls (;~ll  Obscrva[ions  do not

have V-band countcrpar(s. Since most arc background objccls, this is cxpcc[cd -- the prcscncc of the

molecular cloud biases the survey toward dc[cctions of hcavi]y  rcddcncd,  intrinsically rcd stars.

1 Iowcvcr,  most of the essentially conical volume popul:i(cd  by hcground  stars is C1OSC to Ihc

molccblar cloud, so thal  cxlrcmcl  y laIc M dwarfs may bc missed at V i f lhcy arc CIOSC to the cloud.

Thus, a small pcrccn(agc  of the stars dc[cc(cd  only at R and 1 may bc foreground objcc(s.

Unforiunatcly,  spcc(ral  classification is nearly impossible wtlcn only onc color is available.

NcvcrLhclcss,  wc may CLI]l the R, 1 sample of slars whose propcrlics  arc illconsislcnt  with those of

unrcddcncd,  lalc M dwarfs by using no! only the (ft-1) color, but also (1)c I magnitude, cloud dis[ancc

modulus and visual cxlinclion.

‘1’llc proccdurc follows a number of slcps. “1 MO obscrva[ioniil  propcrl ics ccms[rain the R, 1

dctcclions:  (1) the limiling  visual magnitude of the dala  is -22,2, and (2) the dislancc  modulus 10 bo[h

clouds is -6. As noted above, any foreground s[ars no[ ctc[cc[cd  a( V arc most likely located near Ihc

cloud since a conical search volume grows quadratically will) distance. At Ihc cloud dis[ancc, our
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survey is thus s[riclly complck only 10 an absolulc  visLlal magnilu(ic of -16- 17, corrcspon(iing  m an

M5.5 or M6 V star. A star of this spcclral type will have a mean (R-I) color -2-2.2. A s(ar with an

(R-1) color grca(cr than this value will nol bc dclcclcd  at V (unless it is closer than 150 pc), but will

bc dctcc[c(i  at R and 1. Moreover, stars with (1{-1)  color gtCiitcr  than -2,5 arc probably not rcd dwarfs,

bccausc  this color index ccascs  to incrcasc  will] spectral (ypc for the latcsi M dwarfs (Hcssc]l 1991).

All s[ars satisfying the conslminls  spccificd  above c:in bc fur[t]cr cLlllcd by assigning an abso]utc

magniludc,  Ml, via the color index iitld comparing the dis[ancc modulus of (11c cloud wilh lhc dcrivc(i

stellar (iismncc.  Stars found 10 bc closer than the clou(i mmiulus have propcrlics al lcasl sclf-

consislcnt with their being la[c-type M dwarfs. Again, wc cau(ion the rcacicr that  the inferred MI is

very unccr[ain  for cxlrcrnc  rcd dwarfs. ‘1’hc  value wc (icrivc  from (R-]) is only a rough cslimalc of the

true value (which may range from 12,5 to 14.5).

lJnforklnatcly, Inos[ of lhc (R-I) s[ars have properties not only consisicn[  with their being

forcgrmmi  stars, bu[ also with their being rc(i(icnc(i  backgroun(i (i and K dwarfs. “1’his is the major

limitation of onc-co]or analysis - there arc usually two solutions. llowcvcr,  ihcrc appear to bc no

acccplab]c  background slcllar  solutions  for a fcw of the (R-I) slars. ‘1’ab]cs 4 and 5 Ii St the photomc[ry

an(i color solutions for ophiuchus  an(i “1’aurus stars, rcspcclivcly,  satisfying the constraint 2.2< R-1 <

2,5, consistent with lalc-type M (iwarfs in lhc range M6 - h48 V.

S. SpCC[rU  of ‘1’hrw ‘1’aurus Candidalcs  — A Cl~eck  on h4e(hods

lhring  Dcccmbcr 22 an(i 23 of 1990, three of (1)c “1’aurLls  forcgroun(i s[arss, #604, 823 and

_——
5 “1’wo of the stars, #Ki04 and 823, were sclcclcci  from IIIC forcgroun(i  canciida(c  sample (Table 1) basc(i

on their colors and high proper molions;  objcc[  +1994, wbosc colors woul(i in(iicalc  foreground

candidacy if (,,,8. = 0.15, was sclcclc(i  primiirily (iuc 10 ils very high proper motion.

- .

994, were observed at the authors’ rcqucs[ by ‘1’crry 1 IcrLcr of {:ornc.11 University using a grating

spcc[rograph  and the 4-Shoolcr ~~11 camera on the S-n] 1 lalc ‘1’clcscopc  of Pfilomar Observatory.

‘1’hc spcc[rograph  covers a wavclcng(h  range from 6000 ~ to 9000 ~ tind uscs a 300” line/mm grating,

which yicl(is a spectroscopic resolution of -15 ~. A slit wi(ith of 2’ x 1.5” was cn~ploycd.  ‘1’hc dala

rcduc[ions were carried by onc of us (’1’. I I. J); the images of the spcc(ra were flat-fickicd,  bias-

sLlbtraclcd,  sky-subtracted and convcrlc(i 10 ol~c-(iil~~cllsi(~]~al  spcc[ra using the roulincs  in the IRA];
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software analysis package. ‘1’hc  spectra were wavclcn~(h calibrated using  a 1 lc-Nc-Ar rcfcrcncc

spccIrutn and were ilux calibrated using 111)S s[andard sIars and various lRAI; routines, Strong

absorpl ion fcatu  rcs allributcd  to lcrrcst  rial ()~ ai -6800” ~ and -7600” ~, and I IZ() at -7200 ~ were not

removed from [hc spcclra.

Bccxwsc of contamination from lhc tclluric absorption features, it is dilficul[  to measure TiO

and V() bmi equivalent widlhs prcciscly.  Accordillg]y,  wc favor spectral classification of Ihcsc stars

vid quali[alivc  comparisons bc[wccn Icmpcralurc  and g,ravily-scnsilivc fcalurcs  with those of lhc

Bcsscll (1991) and Kirkpiilrick, llcnry & McGlhy  (1991) M dwarf spcclral  scqucncc,  and with 111OSC

of [hc spcclrum of the late M (Iwtirf,  Wolf 359 (G1 406), l:igL1rc 9 (da[a provided cour[csy  J. Stauffcr).

‘J’hc spcclra  of slars #604, 823 and 994 arc shown in l’igurcs 10- 12, rcspcclivcly.

S.1 Spectrum of ~andidale  #604

“1’bc  most striking propctlics of the spcc[rum of #6(M arc the rising ilux continuum toward rcd

wavelengths, and the nutncrous absorption fcatu rcs blanket ing the conl  inuum, Major “I’i O feat urcs,

including the ‘1’i(l bands at 7200” ~, 8300” ~ and 8500” ~, arc prcscnl,  s[rcmgly  suggesting that  this slar

is very cool;  the s[rcngllls or these bands arc comparaldc  10 [Imsc  i!) stars will)  a spcclral  lypc la[cr

than M4. I’urlhcrmorc,  Ihcrc appears m bc a binl  of molecular V() at 75(X) ~ and particularly, at 7900

~, bul lcmgward  of 8500” ~ it is impossib]c  to dis[ingLlish  bctwccn  absorption  fcalurcs  bccausc  of the

poor sigtlal  10 noise. Ovcrtill,  the SpCCtrUl])  suggcs~s a tcmpc.ralurc  class corrcspon(iing  to that of an

MS s[ar, bul probably no la[cr [ban ibis.

The spcc[rum ulldOLlblCd]y  Corresponds 10 that of a dwarf bCCallSC  of the many lCII-MIC grWily  -

scnsilivc  fcalurcs  promincn(  in the spcclrum,  including GO] I al 6250 ~, possib] y (;al 1 at 64(M ~, K 1

al 77(M ~, and Ihc promincnl Na 1 fca[urc at 82(N) ~, ‘I$hc slrcngth  of the so(iium feature itself

suggcsis  th:i[  this slar is al lcasl  as la(c ciM4 anti is probab]y an MS (iwarf. ]’inally,  IIa emission is

prmnincnt  i]] the spectrum of #6(}4,  hinting at sigl)i Iicall[  clliol~los]~i~cric”  iictivi[y,  and thus, is also

ccmsislcn[  with this s[ar being n late-lypc M dwarf.

Based on the spcc[ral  cvidcncc  outlined above, wc favor [hc classi  fica[ion  of candidate s[ar

#604 as a MS V or M(i V, where the spectral type MS V is probab]y the bct(cr cslimalc.  An MS

dwarf bas the following pro~.riics:

M v = 14.7 an(i MI = 11.3,

V-l<c = 1.5 an(i Rc-]’ =- 1.9.
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.s,

‘1’hcsc values arc mnsislcnl ([o will~in -1 ()%) with the obscwd  broad band colors and dcduccd

]unlinositics  for foreground candi(ialc #604 (SCC ‘1’ahlc 1).

S.2 Spectrum of C;]n{lid:ltt  #X23

‘1’hc  spcc[rum of foreground candi(iatc #823 is similar to that of #(i(PI, in that i[ is clearly a

cool slar. l:or(unalc]y,  the S/N is consi(icrab]y bc[(cr for this s[ar, ml(i thus, it is easier [o idcnlify

molecular and atomic  fca[urcs, ~omparing its spectrum with thal of #604, wc scc that the TiO

features at 8500” ~ and W(K) ~ arc cqLIaliy prominent (and belter-dci”tncd), and, more significantly,

there is a hint  of lhc V() bands at 7S()() ~ and 7900” ~ for #823. ]n(iccd, the nmlccular features in the

spcclrum  of slar #823 arc similar to those seen in IIIC spcclrum of 01, 406 (I:igLlrc  11), an M(i dwarf.

Several gravi(y-scnsilivc  fctiturcs  arc present in (IIC spcdrum of #823, inclu(iing ~aOJI al 6250 ~, Cal I

al 69(K) ~ (though there is conlamina[ion  from IIIC Oz tclluric  bail(i), K I al 77(X) ~, CY 11 al 8500” ~

(with coll[:llllill:i[iol~ from the nearby l’iO ban(i), anti [ilmlly,  a promilmn(  Na 1 fcalurc  al 82(K) ~. As

in lhc chsc of #604, there is also a significant 1 la emission Iinc.

Based on the gravity features an(i the slrcng(hs of [hc ‘1’iO an(i VO bands, wc favor lhc

classification of this slar as a dwarf of spcc[ral type bctwccn  M5.5 and M6. An M6 dwarf has the

following mean propcrlics  (Bcsscll 1991):

M v = 16.6 an(i Ml = 12.5,

V-l<c = 1.9 an(i  Rc-]c = 2 . 2 .

“l”hcsc values arc consislcnl  (10 within -I(K%) with (hc obscrvc(i  broa(i  ban(i  colors and dcduccd

lLll~lit~osi[ics  (~ ff(~rcgr(~llt~d  c;~!~(iiti:\lc+ 1823,1istcdi1 \r1':it>lc  1.

S.3 SpWtrUmof  Candidate  #994

Althoughslar#994 [V= 19.69 +().( )9, (V-R)= 1.70fo,07,(R-  1)= 1.92 f0.04]isnotoncof

tllcforcgro~lll[ic:llldi(ialcs(illlas  a ~valucofo.14),  it ~iocs  appcartohavc  a largcpropcrrnotion  an(i

as such wc chose this slar for stu(iy. ‘1’hcspcclrum  of994 ismarkcdly  (ii ffcrcnl from lhoscoflhc

previous two forcgroun(i call(ii(ialcs. In particular, it is no[iccably  lacking in f~~c)lcclllarfcalllrcs.  ‘1’hc

fcalurcs  al 6900A, ” 7300” ~ an(i 7600A” :irc[)lol~:(t>ly  [iuctotcr  rcstli:tl”  oxygen an(i watcrabsorplion;

howcvcr,thcrcis  ahinl  (~ft}lcrl’iOt>:ill~is  at 7200A” [imi 85(K) ~. liurlhcrmorc, il isdifiicull to

i(icn(ify any gravi[y-sensitive fcalurcs. l'llcrc lll[iJ',  ll()w'cvcr,  tJcs()lllc  llmclllissioll  a[ 6563A,

although this is difficult 10 discern. IJasc(i  simply on the rcla(ivcly  weak molcculfir  bands, this slar
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prob:~blyi  snotvcryla  tcinspcc[riil”  type. OI~tllc(~[l~clll:lt~(i,  [hccon[inuum  flux isclcarly rising

beyond 9000”  ~, indicative of imcrsicllar rccidcning “1’hc  projcctcd  localion  of the slar #994 on the

“1’aurus  molecular cloud corresponds 10 a visual cx[inc[im of aboul 5 mag and Al -3 mag, If this

objccl lies behind the cloud, then flux at 9000 ~ is dif[krcn[ially  clcvafcd  with respect to the flux al

6(X)() ~ by a factor of -6. If wc account for (his [hen the spcclral continuum of #994 is more or ICSS

fiat, which is consis(cnl  wilh its being a KS or M() star.

I.cl us consider this hypo[hcsis  in ccmjunclion  wi[h

star is a KS (iwarf, then its inlrinsic  visual magniludc  must

the observed plm[omctric  properties. If the

bc -7,6. “1’hc  apparent visual magnitude

(extinction-corrcc[cd wilh A, - S) is -14.7, and thus, IhC (Ic(Iucc(I distance from Ihc Sun is about 260

pc, which is a reasonable location for a Galac[ic disk dwarf. l;vcn if Ihc star is an M() dwarf, ils

intrinsic magnitude is -8.8, an(i lhC rCSLll[aTl[ diS[iU)CC  is -150 pc, s[ili beyond the cloud (though (IIC

C1OSC proximity of lhc slar an(i c]ou(i  raises Ihc possibility 01 some kin(i of [tsso~iitiion),”

If IIIC star is a KS ill gia]~l, ti]cn ils absolute magnilu(ic is -0.3, aud (1IC dcduccd dis[ancc  is

-7.6 kpc, which would imply a Z height >2 kpc. l;vct) if wc lake into account general intcrsic]iar

absorption of -1 mag pcr kpc which is appropri:itc  for Iilc Galactic  plane, the dcduccd  dis!ancc  is

beyond 4 kpc. ‘ilcrcforc, wc consi(icr  (1)c ficl(i (iwarf in[crprctalion  as tile more iikcly scenario.

Star #1994 has a significant proper motion of (]], JCOS6, pJ = 2.5 & 6.7” Ccn[”], giving a total

proper moliml of -7.1 i. 1.3 “ ccnl-]. If our intcrprcl:i[ion [h:il  this star is a field dwarf localcd  at a

(iislancc bet wccn 150 and 260 pc from lhc Sun is corrccl,  Ihcn the ~ictiuccci Mngcniial  vclocil  y musl bc

in Ihc range from S() to 90 km S“l. A (dispersion vcloci[y of ti~is  magni[u(ic  is possible for what coui(i

bc cxpcclcd  for old (iisk K and M (iwatfs - though (HI lhc high cn(i, perhaps -20 from the typical

value. Another possibility is tha[ Ibis slar is ii sutxiwarf belonging to an intcrmcdialc  or sphcroi(i

population, ‘1’his is, however, ICSS likely given that there is no cvi(icncc for s[rong ~al i bands

(indica[ivc  of cxtrcmc  subdwarfs, scc Akc & (irccns[cin 1980) in lhc spcc[rum of 994. Ii] any case,

this star is clearly not a low mass M (iwiirf, ‘1’his is significant in lha( if wc had cxtcndcd  lhc ~

cnvclopc  (SCC I:igurc 6) to 0,15 mag, Ihcn this objccl  woul(i have been classified (fdscly) as a nearby

(iM5 slar. Apparently the ‘co[ltiil~li]~:i[io]l’”  rate implic(i  in I:igurc  5 is m bc [akcn seriously.

“1’o summarize, a spcc[ral anaiysis of lhrcc “1’iiurl]s stars imiicatcs  tha[ two, #604 and 823, arc

undoublcdiy  lalc-type M dwarfs, which is consistcni  with the rc,sulis  foun(i in the previous two

scc(ions using plmtomclric  and proper molion  analysis. 1 Iigil  proper motion s[ar #994 appears to bc a

Imckgroun(i,  rc(i(icnc(i  (i K field star, ‘1’i~is umicrscorcs  It]c analysis in $4 (hat photometric and proper
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motion analysis techniques of’ this stu(iy  arc nol immune 10 Cotlt:illlill:itioll  by background field stars.

11 should bc no[cd tha( the colors of #KXM arc not chrly consis(cn[ with its being a foreground M4

dwarf,  but ralhcr, arc -().14 magnitudes offset from the cxpccxcd values of lhis type of star;

furlhcrmorc,  the color offset is in the area of ihc color-color pl anc whc.rc {hc reddening curves align,

making it (ii fficu]l m diffcrcn[ia[c  bc[wccn very la[c f’orc. ground  s[ars, and rctidcncd background

objects.

These spccww-mpic  checks lend some conlidcncc  m [hc robustness of our photometric

sclcclion  procc(iurc. They also highlight the limi[a[ions  of (I1c proper motion sclcclion  criterion when

used wilhout  pholomclric constrains. ]’inal]y,  it IIILISI bc cmphasi~. cd lha[ used together, the

pho[omclric  and proper motion sclcc[ion mclhods  tail

idcnlilicalions musl bc conlirmcd sl~cclrosco]>ically.

6. ‘1’1](’ IJuminosity  Function

“1’hc ILlminosily  funclion,  Q(M),  defined as the

only sclcd can(iidafc forcgmund  objects, whose

number of s[ars pcr unit magnitude in[crval pcr

unil  volume, is usually cxprcsscd  in terms of cilhcr  absolu[c visual magni(udc,  Mv, or absolu[c

bolomclric  magni ludc,  nl~O1. Wc adopt  Ihc former convcn[ion  in [his paj>cr  since il avoids additional

unccrlfiin[ics  associated with bolomctric corrections.

6.1 “1’hc  O1)lli[lcll[ls/’l’;lllrLjs  I .uminosily  Funclion

“1’ab]cs

t rca[cd

yield a

Survey

WC, CS[illlalC the ~unlinosity  f’unclion using lhc OphiLlchus  and ‘1’aurus foreground candidates in

] and 3 (posilion  coordina[cs  given in ‘1’iib]c C). ‘1’hc  two da[a SCM arc combined ra[hcr than

scpamicly bccausc  the volume corresponding to [hc Ophiuchus  ficl(i, -7(1 pc3, is too small (o

W[islically meaningful cs(ima(c of the

is -200” pc3.

s(ars. ‘!’hc lo(al volume of our

];xpcctcd  unccrlainlics  in d) arise from

molecular clouds, ‘1’hc lii[(cr is given by

cmmling s[atis[ics, A4)N, and (iis[ancc  cstima[cs  to the

(1)

where D is Ihc distanccto  the cloud, and Al> is cstimaic(i  (tis[iincC  error. Since A~~ and A@l) arc
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sl:ilistically  incicpcndcnl,  lhc to[al unccrlainly,  A$, is

(2)

11 should bc emphasized that A$ rcprcscnls  only lhc inlcmal,  random unccrlaintics  associated with lhc

cstim a(cd luminosity function. I’otcnli  ally more serious (and (Ii fficuli 10 qunnt  i fy) s yslcmalic  crmrs arc

nol included.

Note that the composi[c  Taurus +- ophiuchus  luminosity function consists  of s[ars from

diffcrcn(  regions of the G[ilactic  disk nearly 1800 apar~ (though, boll] arc -15° from the Galactic

plane). And as such, a small correction 10 the compulcd  number density is required to accounl  for lhc

Galactic disk dcnsily  g~i]dicl~( rc]ativc  to (l~c local solar ncighborlmod  (icnsity.  Wc cslimatc this

correction Llsing!  lhc slcllar dis[ribLllion  model discusscxi in $4 (SCC also Jarrcll  1992). I’hc correction

allNNH]lS  10 roughly 7% and ] 2% rcduclion  in lhc Slcllar  dcnsi~ics  conlpulcd  for the Taurus and

Ophiuchus  fields, rcspcclivcly.

Our survey is incomplclc  in regions 10 lhc clouds. l]o[h the “1’aurus and Ophiuchus data sets

arc limilc(i  10 V -22.2 nlag;  since lllc  (ii SlitllCC  moduli of the Clou(is range from 5.7 - 6 mag, the slcllar

smnplcs arc complclc  to 0111  y hdv - ] 6.4. (lmsc’quclllly,  the ]ulnilmsi[y func[ion for S1aIX  Wi[h  Mv >

16.4 must be corrcc[cd for its lack of complctcncss. ‘1 ‘hc usual n]c[hod (O correct for incomplclcncss  is

to apply the Vn,dX mclhod  (f~, Schmid[ 1975). II is implcmcntcd  by dc(iucing for each slar in some

magnitude inlcrval the maximum volume in which it c:in be loca(cd  and slill  be dclcctcd  in (I1c survey.

Drigh[ stars rcjcctcd bccausc  of (iclcc(or  saturation limils  slmuld  I1O[ c. ffcc~ [hc Paint  cnd of the

foreground sample, but will limit the sample for G and K dwarfs, wilt] M}, < 1(); note however, tha[

based on (I]c Wiclcn  ci al. (1983) luminosity funclion,  wc should cxpccl only 1 or 2 G-K dwarfs in

our forcgroun(i  sample.

M:igl~il~l~lc-lil~lilc~l  phoIon]cIric s[u(iies of the luminosity Iunclion arc usually subject (o

Malmquis[-type syslcma[ic  bias cffcc(s  in cs[ima[ing stellar luminosities (cf. Stobic ct d. 1989). Wc

do no[ atlcmp[ to correct oLlr  (iala for IIICSC cffcc[s sil~cc only [hose magnitude bins wi(h Mv > 16 arc

affcc[cd, and since the effects arc III(N[ Iikcly small ~OI]]piir~d to (IIC large I>oisson unccrlaintics that

plague our dala, lndccd, il is wor[h poinling ml lhal onc a(ivanlagc  of a (sullicicntly)  opaque scrccn

luminosity survey is its frcc(iom from Malmquis[  cffcc[s.

Ill addi[ion 10 [Ilc problems of conlplc[cncss  [Ila[ affccl  lhc fililllCS[ magniludc  bins of our

composilc  sample, there may be signi [i cant c(~l~[:it~lii~:ilioll  from rcddcncd field stars and/or associated
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cloud members. Asprcviously  discussed in $4, wc cxpccl some lcvc] of false foreground ‘dc[cc(ions’

tbcgrcatcst  sc)LlrccfJfb;tckgroutl(i  stiirc~]][allli]]:i(io]] arises f’rom field G and K dwarfs loca[cd

some 200- 400” pc bcbin(i Ibc clouds. Given tlIc mcatl  cxlinc[iol)s of lbc clouds ami tbc limiting

magni(udcs  of tbc surveys, the abso]utc magl]iludc bins af’fcc[cd most tire Ibosc with Mv > 15.5 msg.

l:rom our galactic distribution mo(icl wc estimated (1IC dcgrcc of col]t:il~~i)l:iti(~]~ m tbc foreground

candida[c sample of order 1() - 15% for (1IC faint cnd of the luminosity function and roughly 1()% for

(IIC bins will] Mv bcIwccn  9 and 11 (SCC l:igurc  5).

As a fin:il caveat, wc nolc that most field slars reside in binary and mul(ip]c slcllar syslcms.

Amongs[  IIIC nearby smrs, the binary frac[i(m  is rcpor(cd IO bc tmwccn  30 and 50%, (cJ }Icnry &

McCarlby  1990; Reid 1991; I’iscilcr  & Marcy 1992), of (I1c nearby I>i]liirics, projcctcd  separations

vary from -1 () 10 1200” a,u. (llm numbers of Slill’S pcr log separation in(crval  is rougbl  y constanl  over

ibis range). Our survey should bc. scnsi[ivc m wide binaries (>300 au), but is qui[c incomplete beyond

50 pc for closer pairs. WC Ibcrcforc  Cxpcc[ N fcw t)illill’y Sys(cms wilbin our sample to bc

misidcnlificd  as sing]c star syslcms. ‘I”bc ncl rcsull  is that lhc Iotal  number density - and more

imporlan(,  the total mass density - will bc under-rcprcscntcd in our survey. Wc shall make no

corrcclirms  for s(cllar  mulliplicily,  bu[ poin[  ou[ [hal ouI cslimatc  of lbc stellar luminosity function in

fiKU measures lbc number dcnsit y of Slcll ilr ,Yjl,st(’r)l,y,

In Tab]c 7 wc show (I1c rcsul(s of binning the s[ars from ‘1’ablcs 1 and 3. “1’hc total  volume

surveyed is 200” pc3. ‘f’bc column denoted $’ is Ihc luminosity funclion a(ijus(cd according to the

aforcmcn(imcd  cffcc[s of lhc Galaclic  dcnsily gradicnl  :in(i bii&gro~]lld slat’ c(~]]la[~li]]ali(~I~,  “1’bc

IILllllbCt densities corresponding 10 magni[udc  bil]s h4v 2? 16 have been corrcclcd  using lbc Vn,,X

Iccbniquc. Until wc have fur~hcr vcri[icalion,  wc will not include [hc suspcc[cd dM6 s[ar of tbc wbilc

dwarf- rcd dwarf pair (#l 13) in ~’able 7.

“1’hc  composilc tuminosily  func(ion  is slmwn in l;igurc  13. “1’hc range in values, namely @*v  i

A~)*v,  is illustra[cd in the shaded porlion of lhc figure. III [hc Mv = 17 bin, wc show as a lmvcr limit

(1IC uncorrcclcd  number density; lhc dcnsi[y rcsul[ing from the V,,,ti, correction is not shown on the plot

(bccausc  it would bc off-scale), bu[ is indica[cd by the arrow. II) spi[c of [bc substantial statistical

unccr[:tinty associalc(i wilh tbc rcsulls shown above, Ihc faint cnd of (IIC S(clliir luminosity function

appears [O rise, or at lcas[ Ic[]]iii]] flil[, bcyo]](i Mv -16.
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6.2 Discussion

in comparing this rcsull with other dctcrmina[ions,  wc begin by noting that the the luminosity

function of the nearby s[ars is (I1c standard bcnchmar!i  for comparison with o[hcr work in this field. in

particular, the work of Wiclcn,  Jahrciss  & KrLlcggcr  (1983; hcrcaf(cr rcfcrrcd  as WJK), based on the

sample of slars wilhin -20 pc of the Sun lislcd  in (I)c Glicsc  ca(aloguc,  is lhc bcsl dctcnnincd

luminosity funclion for absolute magnitudes cx[cndil)g  10 Mv - 13- 14. ‘1’hc  WJK luminosity func[ion

is plol(cd  in l;igurc  13 with filled circles. other surveys which coLml slars wilhin 5.2 pc of the Sun

arc generally considered to bc comp]ctc  to abso]utc magni[udcs  much fainter than that of WJK (cf.

Dahn, l.icbcr[ & }Iarring(on 1986;  hcrcaflcr rcfcrrcd as 111.1 I; 1 Icnry & Mc~arlhy  1990). Though the

1>1 J I luminosity function is apparently complctc 10 Mv - 17 mag, and [hc 1 lcnry & McCar(hy  K-band

luminosity function is comp]clc  to lhc limit  of the hy(irogC1l-bL]rllitlg  main scqucncc, both

dclcrminalions suffer from substantial sla(islical  lmisc (hc 5 pc diamclcr  volume which lhcy

cncompass is consi(icrably  Sn]iillcr than [Ilat of the WJK sludy, an(i (here is also smnc concern that

Iilcir  samples arc incomplete bccausc of a kincma[ic  bias [oward l~igb proper motion slars. in any

cvcnl, a major advanlagc  (hat lhc WJK, 1>1,} 1, and particular] y the 1 Icnry & Mc~ar(hy dctcnninations

possess is lhat they arc sensitive 10 near billiiriCs;  thus, lhcsc luminosity func[ions rcprcscnl  lruc slcllar

(icnsily  distributions for (11c solar ncighborlmod. Ilo(h the WJK an(i 111,11 functions arc c}larac[criz,c(j

by increasing stellar dcnsi[ics  al fainl luminosi[ics  and an apparent maximum at Mv - 12- 13.

‘1’hcrc;if[cr,  lhcrc is a dcclinc  towarci  Mv - 14, and a gcl)cml flattening of [hc number density at the

fi~inlcsl  lutninosilics,  in contrast, the K-ban(i  ILlminosi[y  func[ion (ictcnnincd  by }lcnry & Mc~arlhy

exhibits a significant rise that cxtcn(is  to Ihc luminosity limit corresponding [o the lowest mass s[ars, al

which it abruplly dcclincs.  II is inlcrcsting  to no[c that the luminosity function of IJ1,11 compares

quilt closely with Ihc mos[ collscrv:i(ivc  cstimalc  of [his s[u(iy, up to Mv - 17, while the JIcnry  &

McGr[hy rcsul( is more col~sislct][  with the Vn)fi,-corrcc[c(i rcsulls from this study.

‘1’hc other major approach LIscd [0 Mcrminc  [Ilc slcllar luminosity function is via photometric

parallax. l’or reasons which arc still  unclear, IIIC failll  cnd of tl)c ILlminosi[y  function dc(cnnincd by

this mctlmi  differs signific;in(ly from that (iclcrnlinc(i  for the nearby slars. Pho(otnc[ric  studies by

Reid & (iiimorc (1 982, hcrcaf[cr rcfcrrcd as i{Ci;  also Gilnmrc & l{ci(i  1983 pubiisbcd  a rcvisc(i

version of RG) and 1 lawkins  & lICSSCII (1988; hcrcaftcr rcfcrrcd as 1 ID) show a number dcnsi(y peak

at Mv - 12 (agreeing wilh WJK and 111.1 l), bLIt thcrcaficr r:ipi(ily dcclinc  al fain[cr  luminosilics,  “1’hc

luminosity funclion of Gilnmrc  & i{ci(i  (1983) is plo[lcd ill l;igurc 13 with filled squares. ]loth of the
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RG and 1113 s[udics do suggcsl  a rise, or at lcas( a fla[tcning, of (IIC luminosity function at Mv > 16.

}Imvcvcr,  preliminary results from a sKitislicall  y signi [ican[ cx[cnsion  of IIIC RCi survey by ~’inncy  C(

al. (1992) seem to rule out any rise in the faint cnd of IIIC luminosity function. Although lhc

slatis[ical  crmrs arc :idnli[(ctily  large, wc find more slars al tllc Pdinl cnd than these surveys do.

l;O1 comparison purposes, Ihc large sla[islicxll errors associalcct  with lbc rclalivcly  small

numbers of stars in our sample can bc rcduccd  somcwha[ by comparing cutjllilative number densities.

in ~’able 8 wc show Ihc cumulative number of st:irs as a func[ion of absolu(c magni[udc  for various

luminosity funclionsi All hc da[a has been normalized [o the volume of this study, -200 pc3, and the

number densities have been sumnlcd from Mv = 8.5. ‘1’hc  luminosity funclions  of RG and 1111 have

also been corrcclcd  f(w [hc decreasing disk dcnsi[y along Ihc (ialaclic po]cs. Also shown in the lablc

(in parcnlhcscs)  arc the cxpcdcd  ~N errors associated wilh each estimate.

11 can bc seen in ‘1’able 8 il]a[ LIlc cumulative number of objccls found in ibis study  agrees

quiic  WC1l with those dcduccd  from olhcr surveys for absolute magnilu(lcs brigh~cr than Mv - 15 - 16.

‘1’here also appears 10 bc good agtcc]nc]]l  bclwccn our rcsu]ls iill(i [Ilosc  of IJ1.I 1 for magnitudes

extending to Mv - 17. l>iffcrcnccs  rcla[ivc to lhc p}mtomc[ric  parallax surveys bccomc  apparcnl  al lhc

fainlcr m:ignitudcs, l;vcn if wc ignore complc[cncss  cmmxlions,  our sludy  contains  mom stars al lhc

fi~int cnd of (I1c luminosity fLlnclion where both pholomc[ric  s[u(iics arc prcsLlnlcd  to bc complc[c,  I’hc

dispari[y  is much larger if our corrcclcd  nLlnlbcr dcnsi(ics arc used. Other than statistical abcrtalion,  it

is nol clear what dlc cause of this apparent discrepancy is.

11 has been sLlggCSICd  by 1>1.11 WI lhc diffcrcnccs  al lhc fainl cnd of Ihc various luminosity

functions arise from unrcso]vc(i  binary companions. Pholomc[ric  parallax surveys arc nol scnsilivc  to

these objcc[s. Yet simple models wl~ich fac(or in the contribution from various binary syslcms  (e.g.,

Cqual and uncqLlal  mass syslcms) imply that unwso]vcd  bin:irics  probably Callllot aCCOLHll for the ]iirgC

apparent (ii ffcrcnccs  bctwccn  the two lypcs of luminosi[  y funclions  (SCC Reid 1987; 1991; Stobic ct al.

1 989). in any cxisc, wbilc our survey undoubtedly cmn[ains  a fcw unresolved binary syslcms,  they

appnrcnlly  cannot resolve Ihc discrepancy bc[wccn our results an(i the o(hcrs given in q’able 8. Wc

[hcrcforc  Icn[a[ivc]y  conclude [hat the luminosity func[ion  rises bcyon(i Mv = 16; even if wc discard

our a((cmpts 10 corrccl  for incomplctcncss  in the fain{csl  m agnit  u(ic bins, tbc luminosii  y function at

lcasl remains flal for the lowest mass slars.

Although our statistical cnors arc Clciidy large, our provisional Iin(ling that lhc luminosity

function again ri scs beyond this peak imp] ics that  tllc  inificl  tna,f.f ji~rzction probably al.ro rises Jiw
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M <0,2 Ma. “J”his point is particularly rc]cvan[ (and encouraging) 10 future surveys of low-mass

dcgcncralc  objccls,  given Ihat tbc IMf; is usually quo[cd in [hc li[cra[urc  (e.g., Scalo 1986) as having a

lurnovcr for the ]owcst mass smrs (<(),2 MO). liven if’ oLlr mosl cxmscrva[ivc  estimate for tbc faint cnd

of tllc  luminosity function is used - in which no corrccl  ions what socvcr arc made for incomp]ctcncss

wc arc forced to conc]udc  (ba[ the IMF  is at kw.vt jiiot down to the edge of the hydrogwn-bl~rning

main ,Tt?ql[cncc,

A rising IMf; suggcsls ihc cxis[cncc  of an al[cn)alivc  formation mocic  for very low mass stars,

‘1’his may bc consislcnl  with I.arson’s (1 986; scc also 1 ,arson 1 992) ‘bimodal’  slar formalion

mccbanism,  in which a second CliiSS of low mass S[iilX  forms, possibly in a burst very early in tbc

cxistcncc  Of tbC  GiiliiXy. Several au[hors (c.x. Shu, Adams & 1.izano 198-/; Rana 1987) bavc

su~gcslcd  a mccl]anism of bicrarcl~ical  si:ir forma[ion,  or multimodal bursls, cacb of which triggers or

induces furihcr  cpismics  of star forma[ion. A risi]~g IMl: thal cxlcmis beyond lhc limit of the

minimum mass required 10 sus[ain  Ily(trclgcll-t>llrllillg, -().()8 MO, woLIld also suggest that tbcrc may bc

profuse IIumbcrs of dcgcncralc “brown dwarl” objccls in [hc Galactic (iisk, Ciivcn the abscncc of any

confirmed brown dwarf candidate.s, lmwcvcr,  i[ is di f(icull to avoid Ibc conclusion that even if tbc 1 M [‘

continLlcs  [o rise for masses <().()8  MO, it n]usI soon thcrcaf[cr sIccply dcclinc.

Whctbcr onc clmoscs a flat IMl: or a rising IMli (wi[b a slope tha[ is clearly ill-dclcrmincd  by

this work), il slmLll(i bc kcpl in mind [tl:il any cxlrapolalion  involving brown dwarfs will possess

S[itggcring  unccr[ainlics,  given our iglmrancc of [hc M-I, relation and luminosity funclion

corresponding 10 tbc brown dwarf’s, lndccd,  there arc doubls as 10 lbc very cxis[cncc  of tbcsc objcc(s.

To daIc, there is not onc firm idcnti  lication of a browIn dwarf or cxlra-solar Jupiter object, It is

especially discouraging llM( (bc rcsulls from s[u(iics specifically dcsignc(i  to find brown dwarfs in

binary and mul[iplc  s(cllar systems have been ncga[ivc (c.,g. Skru[skic 1987; Skru[skic,  Forrcsl, &

Shurc 1 989), What wc can say dcfinitivc]y  is thal the lowcs[  mass slars fire the most common stars in

lI)C Galaxy, and lllat  given lbc COI)Slliiil)lS  established by our luminosity funclion,  lbc most nunwrcw.v

slats in the Solar nciglltmrbood  iipj)Ciil’  to I)avc lnasscs very near Illc lly(~r(Jgctl-tlLllllil]g  limit.
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7. Summary

Wct]nvc illlp]clllclltcd  ancwnlclhxi by m’l]iclllf)stll(i~’tl]c  fainl cn(ioftbcficid  star

lui~~it]osi[yfu~~ctiol~.  Thcmctbod  rclics(~ll  dccI~,lllLlllicol  (Jri>l~(~t()lllctry  of ficlcisprojcclcd against

highly obscurc(i, nearby nmlccular  clouds, ‘1’hcclou(is  ac( as ncarlyopaquc  scrccns,  enabling us to

(iclimil  a well-defined survey samplcvolumc  free of thcproblcms  of (iis[ingLlisbing  nearby,

intrinsically fainl  dwarf stars from more dis[ant  rc(i giallls. Wc have dcmonslra[cd  that with Ibis

lccbniquc  it is possible 10 probcthc Pdinl cnci of (hc luminosity fLmclion out 10 (iislanccs much furibcr

[ban bavcbccn previously a~[cinptmi. ‘1’l~c~~~:iil~]~oill[s  and collclllsiol~sof!t~is  work maybe

summ:irizc(i  as follows:

● Wcobtail~cd  (iccpl>l~o[(Jgr:~  l~llic:il~d  (T~l)pl~()[(~lllclr}~  at optical (V, R,l)bandpasscs  towarcis

very highly obscurc(i por[ions of lhcq’aurus an(i Opbiuchus  molecular clouds. I’bc fields

covcra total  area of -(),63 square dcgrccs,  an(i Ihc total volume (iclimitcd by tbcclcmd

dislanccs  is-200pc 3.” Within tbisvolumc,  IIIC sLmwyisconlplctc  forall s[arsbrigb[crt ban

Mv - 16.25 mag; atl{anct  l,ll~csl]rvcy isc(~tl~l)lctc  (i()vl}[  ()tl~clc~w'cst  mass s[arscapablcof

sus[ail]ing core bydrogcn burning.

● ~olor-cf~l(~rc  l’i[cri:iv’crcu  sc(i lc~(iisti]~gllistl  t~c[wcctl  b:ickgroul~(i,  tligl~ly  rcd(icl~cd s[arsa~~(i

stars loca[cd  in front of tbc clouds, “1’hcmc(bmi of]>llotol~lc[iicp:ir:  ill:lx  was used todcducc

lbc al~s(~llltc  l~lagi~i[ll(ic  al~(i spcclral lypcofthoscslws  foun(i 10 lic in fronl oftbcc]ouds.  W c

supplcmcnlcd  the plmlomciry  and color-colorrcsulls  with propcrnmlicm mcasurcmcnls of the

can(ii(ialc  slars. ‘1’hc propcrnlolicms wcrcobt:iinc(i from (~llr[~llol(~gral>llic  and CT[] data, an(i

from the (ea. 1950) l’alotll:ir  Sky Slllvcy.

● Asatcsl  ofollrt  ibiiilyt  o(iistit~gllisl~  forcgroun(i  (iwarfs from hcavilyrcd(icnc  dbackgroun(i

slars, wc ob[aincd rc(iban(i  (6000 - 9000 ~) spcclra oftbrcc q’aurus slars. I’wo of tbc stars

wlmsc plmtomc[ric  properties Ic(i us 10 i(icnlify  [bcm as forcgroumi  candidates were confirmc(i

10 bc lalc-type forcgroun(i M (iwarfs, with spcc[rttl type from MS w M6 V. “J’bc [bird, which

was photometrically cxclu(ic(i  as a forcgroLln(i objccl bu[ which ilaci a propcrmotion

marginally consisicn[  with such an i(iclltification,  appcats  10 bc a rc(i(icncd,  bigb vcloci[y
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hackfyoun(i  ciK Stat. “I”hcsc rcsul[s lcn(i some confi(icncc  10 our sclcc[ion methods but pmvc

the ncc(i  10 confirm li]c i(icnti[y  of caci]  Can(iicialc  star spcctloscc)i~icaiiy.

● Wc cslimatcd  the field star luminosity function for [hc composite Taurus and Ophiuchus

foreground sampic, Wc fin(i timl ti)c faint cwi of li~c luminosity funclion rcscmb]cs  that for

the local population as dclcrmincd  by Wiclcn ct al. (1983) and Dalm et al. (1986) up to Mv -

16. At stiil  fain[cr  magnitu(ics,  wc fin(i ti~c si)apc of tl]c luminosity function to bc consislcn[

with lilat cxhibilc(i  by (11c K-bami  iuminosi[y function (ictcrminc(i  by 1 ]cnry & McGNIhy

(199(1) for very low mass slats; furlhcrnmrc,  wc fin(i more slats Ii)an (io pholomcttic  paralitix

slu(iics  of the poiar regions. ‘1’ilis  (ii ffcrcncc wicicm (iramalicfili  y if even the simplest

correction for incompiclcncss  is applic(i  10 our (ia[a. Whiic statistical  noise duc to our mail

Sample sixc, SySIClllitliC cffccls, (I1C Galaclic {icnsily (iis(ribulion, ami slcllar mui(ip]icity may

all contribute to this disparity, i{ nonclimic.ss  seems real ami substantial. 1 ‘uribcrmorc,  this

t’csul[  is consis[cn[ wi[il  [hc si]apc of (Iw K-ban(i ]uminosity  func(ion dctcrmincd  by llcnry &

Mc(%lhy  (1990) for ii~c 10WCS1 mass nearby slars. Wc lhct’cforc lcniativcly  conclude tha[ [hc

lLlminosily func[ion rises beyond Mv - 16. l;vcn if wc cfiscar(i  our a[lcmpls  10 corrccl  for

incomplclcncss in [hc fain[cs[ m:igni[u(ic  bins, il appears lhal lhc luminosity function  at least

remains flat for Ihc lmvcsl mass slars.

● Al[hoLIgh our s[atislica]  errors arc large, our provisional fin(iing  lilal lhc iLmlinosi[y  function

rises iig~ill  bcyon(i its wcii-k  ImwI)  pc:ik al Mv - 12 - 13, also imp]ics [hat the lMf; probably

rises bcyonci  lhc [urnovcr  poinl associalc(i wi[ll his peak, I;vcn if our mosl conscrvalivc

cslimatc for ti]c fain[ cnd of Lilt luminosity func[ion is usc(i  - itl which no corrections

whatsoever arc tna(ic  for incomplclcncss  - wc c.mclu(ic ti~al lhc IMi; is at lcasl flat down to

the edge of the hydrogen-bu ming main scqucncc.



‘ii. i 1.J. tlwnks (;corgc Jacoby ami Jolm Salz.cr  for [llcir  on siic icclmical support at KPNO, and

‘l”crry I Icrtcr, I’om (lrccnc  and Jolm Stauffcr for kildly  providing fiala. Wc arc gralcful to Dr. 1~.

Wcis for helping us ob[ain the sit~glc-channc]  KPNO pho[omclry,  and 10 ~. Jordtirl fbr assisting wi[h

those observations. Thanks go out to Susan Klcinmatm,  S[cvc and Karen Strom, and Mike Skrutskic

for many useful discLlssions that ccm[ributcd  10 this work. l:inal]y, wc arc indcb[cd to (hmard Dalm

for a thorough review of (Itis  paper thal grc:ttly  improvc(i  ils focus. “1’his research was partly suppor[cd

by a Ciran[-in-Aid  of Research from Sigma Xi, ‘1’hc  Scictltific  Research Society, NSIi grant ASI’89 to

the Univcrsily  of Massachusc[[s,  and by NASA granls  made under lhc lRAS gLIcsl investigator

program. This work was also cart’icd  OUI in par[ at [hc JCI IVopulsion  1.abora(ory,  California lt~slitLltc

of ‘1’cclmology,  umicr a con[rac(  wi[ll  tlm Nalional Acronau(ics and Space Adminis(raticm. R.1 ..1>’s

work in m way rcprcscm [hc views of’ (IIC Na(ion:tl Sc.icncc l;oun(ia(ion.



33

Appendix Proper hlotion Measurements

,.1

‘1’o carry out the proper mo(ion analysis, wc ob(aincd  digit i~,cd images of the Taurus and Ophiuchus

regions from glass pla[c copies of the National GcograIhic  Palomar obscrvfimry  Sky Survey (1’0SS)

al the National Oplical As(ronomy  Obscrvalorics  in ‘1’ucson,  Ari~.ona, Since the objccl fields arc all

heavily ohscurcd, the rcd (1{)  -plalcs of lhc sufvcy were usc(i to minimize lhc molecular cloud

cxlinc[icms. I“hc plalcs usc(i were: 1{-228 “1’aurus epoch 1950.9 and 1~- 1105 Ophiuchus epoch 1954.5.

Slars within a 1.5° square area ccn(crcd on the clouds were idcn[ificd  and (heir relative magnitudes

compulcd using the “Mcmcl  Machine” au[oma[ic  measuring engine. ‘1’hc result was a catalog of

scvcr:il  thousand s(:irs within the ‘1’aurus and Ophi uchus fields, with car(csi  an cmrdinatcs and machine

Jllagnihldcs.

q’llcaccl]filcy ofltlccoor(lill:itcs  ol>(:li]]c(i inlhis  waydcpcncis it) p:trlul~ollillcacll)al  locationof

the slcllarimagcs  on [hc glass p]alc. llislorlion duc 10 buckling of lhc gl:iss as it is placed in the plate

ho](icr of the lclcscopc  lyi>ically  amounts to (),5” - 1.3”; forll)cmosl  parl, less than a l“positicmcrror

can bc cxpcc(cd (c~, Bowcn 1960). “1’hc  rclalivc brigbincsscs  of lhc scannc(i  slcllarimagcs  arc accutatc

to -().5 magni(udcs, which is a(icqua[c Iorour  purposes, bul llw.rc is a Imn-]incar rclalion bctwccn

aciual and machine magnitu[ics  (Jarrct[ 199?.), Since our goal was to extract all stars on the plates

briglllcr  tll:tll  lllcpltllclilllil  (Rli,,, -20; Mil~kowski & Abcll  1963), thcm:ichinc  was SC( toancx[rcmc

btiglltl~css  tllrcsl~old,  lJ1lfor[u]~:itcly,  tl~isclloicc:i  lsorcslll[c(i  inthcunavoidiiblc  sidccffcctof

numerous false (ic(cc[ions.  l;orthc mos(  parl, these pseudo-s[;trs were casilycullcd  using amagniiudc

crilcrion,  as their apparcnl  brigb(ncss  is typically very low.

“Il]cgcncral tcchniquclhal  wc Llscto(  iclcrllli]lc[  ]lo]lcrllloliolls  is [oco]lll>[ircour4-111  phonographic

data [U](I dala from IIIC I’Cd 1’0SS plilICS with OLlrcoltcs]>otl(lillg  (;(:l~dala. ‘1’hc ~lcld pairs used inthc

calculation of lhc slcllar proper motions arc:

(:~l>l<-il~~:lgc  vs. l>OSS}l-l~l:(tc;  "l':iljrlls  b;lsclillc= 39.(1 yc:irs,Ol>l~itlclllls=  35.9 years, and

(XY) l-imagcvs.  411] N-ban(i  phonographic ]>liitc; ‘J’aurus = 3.1 years ami Ophiuchus  = 8.() years.

Oura]>]>r():icl) ist()usc  asc[()f rcfcrc]~cc  s[:irs(() (icfil~c alx)si[io1l:ll  l]l;~I~l>il~g  bctwcctltw’odala

sets. “1’hc fit[cd fields must bckcpl small in ordcrto kccp(hc  triit]sfort]]:iti(~]]  fit as accumtcas

possible; lllisis cs~>cciiilly crl]ciill illtllC  cilSC()f l'[)SS(l:lla,  Sil]CCl}lC ]>llySiC:il CUrVatLlrCOflhC
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Sclltllidt]Jl;tlctiuri]~g  cxposurc  iiltrc)ciuccs apprcciab]c  large-scxtlc [Icld dislorli(~ns.  “1’hc functional form

of lhc mapping adopted here is a cubic polynomi:il,  which wc fi[ wi[h the aid of a lcas[ squares

analysis. ‘I’llcrcfcrc~lcc  st:irsctlt)sct~  f’ortbc fit must cxl~il>i(  l~cgligiblc  allgulars}lifl  (conscqucnlly,

mosl will bc field slars, ]ocalcd fi~r from the Sun), al~(f lhcy mus( as faras possible bcunifonnly

distributed rclalivc  toc:ictl  ()[llcr (()ltlcrwisc,  [l~ccubic  l>()lyl~()[~li:il  will bcbiascd  forthos cslarsc]oscly

gr{)L1l>c(~togclllcr).  Notcalsotba[  tl~crcfclcl~ccs  t:irsll:ivcc  c~l(~rs[l]:lt  arcct)[l~~>;irat}lctoal~y

foreground slars(iuctothc  rc(f(lc]~it~g cflcclof  tllcl~~olccl]l:lrc  loll(i.” ‘1’hc  rclativ  cposilionsarclhcn

fLlr[tlcr  rcfil]cd  by fit[i]lg alillc:ir  lJ()l~~~~()]~lial  [(~tl~c l~~c~if gi(JLll~( )fs[:{rsi ll~tllcciiatcly  sllrrouI~dil~gc  acll

star.  q’hc SC1 of local  rcfcrcncc  stars is, as far m possib]c, con[incd to a rcctangLllar  area typically only

-5- 10 arc minulcs  in (iianlc~cr. ‘1’hcusc of’sucll local  mappings inthcvicinity  ofcachcandidatc  s[ar

maximizes lhc accuracy of any angular  sllifls. With  this lcchiliqLlc  wc cxpccl lhc positional

unccrlainlics 10 bc in tllc rallgc  of 1 - -2” ccnl-]. “1’hc photographic da[;i gcncnilly  have grcalcr

positional accuracy than lbc (TIJ(iii(a  bcc:~llsctl~ccc]]lroid  cofl~]~u[:i[iol~  s:irclilllitcd” by onlythc sixc

of lhc emulsion grains ttlcmsclvcs  (siz.c - several microns). ‘1’hc  rolmslncss of ourlcchniqLlc  is

dci~l()tlslr:~lc(l  byoural~ili(y  t()rccovcr c:isily  (llc[~r()l~cr l)]o[i(~]~s  () f`[llc  Jo]~cs& }lcrbig (1979) sanlplc

of slarstoward’1’aurus,  l;ur[hcrdc[ai]s  arc provi(fcd in Jarrc(t  (1992).
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‘1’aurus Plmlomclric  l:orcflr(mnd ~andidatcs

-—.. — —._ -—. . — — .

d Cl. d+ }Iacma pa Ap

lIM V (A) V-R (A) R-1 (A) Mv ,Mv ,hfv (pc) (pc) (pc) “cent-’ “cent] “UML-’

18 18.78 (().()7) 1,43 (0,06) 1,72 (().04 13,15 13.49 13.97 71 113 155 3.4 -1.0 0.8

29 17.85 (().()7) 1,21 (().()5) 1.55 (().()3) 11.81 12.04 12.35 111 145 179 -1,9 -7.4 0.8

241 17.68 (().()7) 1.24 (().()5) 1.49 (0.03) 11.64 11.87 12.16 112 145 179 6.2 -5,4 0.8

(WI 20.53 (().08) 1.55 (0.07) 1.99 (().()4) 14.68 15.08 15 .48 66 123 180 -4:] -6.4 1.0

794 21.33 (0.14) 1.78 (0,12) 2.04 (0.05) 15.48 16,10 16.66 60 111 163 4.6 -3.3 0.8

823 21.15 (0.11) 1.89 (().()9) 2.15 (().()5) 16.32 16.73 17.03 41 77 112 0.4 3.8 0.8

92& 15.01 (0.01) 1.07 (0.01 ) 1.08 (0.01) 10.00 1().04 1 ().()8 100” 130 160 1.6 -0.8 ().8

948 21.60 (O. ] 3) 1.63 (0.1 1) 2.01 (0,05) 14.84 15,48 16,02 90 167 245 0$9 ~.g O,g

984 2.1.61 (0.14) 1.57 (().12) 1.88 (().()5) 14.05 14.76 1S.40 125 234 343 . . . . . . . . .

1235’ 15.37 (().()1) 1.07 (().()2) 1.31 (().()3) 10.68 1 ().8] 10.95 63 82 100 5.() -4 .() 1 .()

1433h 16.30 (0,06) 1.01 (().()5) 1.07 (().()2) 9.72. 9.92 1 ().()8 138 189 233 -().4 -0.8 1.0

5017 14.29 (0.01) 1.15 (().()1) 1,46 (().()1) 11.48 11.54 11.59 27 36 44 8.3 -7.2 1.3
— . ——-—-—. ..— -. -...

‘1’atJlc notes: (a) sccon(iary pholomclric slandar(i; (b) possit>lc double: localc(l  wilhin -9” of a Pdinl rcct sl ar.
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‘1’aurLJs  Sttirs wilh Anomalous Chlors

_—— —— __ __ . . _—. .—

}IUCOS6 }Ifi A}}

IIY/ V (A) V-R (A) R-1 (A) “cm [“‘ “cent “’ “ccml”l

.

626 21.78 (().16) ().7() (().12) 1,41 (().12)

1136 21.15 (().17) (),35 (().13) 1,30( ().11)

1543 21.88 ((),22) ().98 (().17) 1.84 (().13)

90” 21.90( ().16) 1.06( ().13) 1.88 (().()9)

893 22,08( ().19) 1.77 (().17) 2,52 (().()7)

32 21.87 (().14) 2.31 (().11) 2.63 (().()6)

847 20.61 (().12) 2.55 (().()9) 2.52 (().()5)

1004 20.96( ().14) 2,38 (().11) 2.32 (().()5)
—-—. .- ..- —— -—.- —.—.—— ..— —— —..——————

.,. . . .

. . . . . .

. . . . . .

29. 36.

,., ,,,

0.7 2.3

-().5 -().5

0.7 0.3

. . .

. . .

. . .

1.3

,..

1.3

1.3

1.8

‘1’ahlcnotcs: (a) measured propcrmoli(m  isml reliable ducto Fdin( R-band magnilu(icof  slar



‘1’Alll.li 3

Oj>lliucllLls  I’llotI]l]lc[ric  l’orcgrol]ild  Cfindidalcs

—— —.. _.— ———— _ _ .  ——

(1. do d. pucos& p6 A}]

IIM V (A) V-R (A) R-I(A) Mv ,Mv +MV (PC ) (PC.) (PC ) “ccnl-] “ccnl”l “CCJ1  [”]
-. _ .—— ..— —. .— ———-

5 21,68 (().14) 1,68(0.12) 1,98 ((),()5) 14.92 15.56 16.17 go 167 245

19 21.25 (().11) 1.51 (().()9) 1.87 (().0S) 13.90 14.45 15.()() 123 230 336

43 17.40( ().()7) 1.30( ().06) 1.61 ((),()4) 12.22 12.60 12.94 70 9] 112

74 21.87 (().14) 1.86 (().12) 2.18 (().()6) 16.17 16.66 17.09 59 110 161

9T 16.61 (().()7) 1.13 (().()4) 1,60( ().()3) 11.81 12.(}4 12.28 63 82 101

103b 20.28(0.09)” 1.41 (().07) 1.72(0.04) 13.01 13.44 13.90 147 233 319

218 22,15 (().17) 2,01 (().14) 2,31 (().()6) 16.85 17.24 17.51 51 96 141

220 22.04 (0.15) 1.51 (().13) 1.95 (().()6) 14.05 14.76 15.48 152. 285 418

221 22.11 ((),16) 1.92 (().14) 2.30( ().()6) 16.60 17.03 ]7.41 55 104 152

587 11.$)9 (0.02) ().62 (().()2) ().54 (().()2) 6.74 6,91 7.07 80 1(L4 128

777’ 10.88 (().()2) 0,56(0.02) 0.48(().()2) 6.19 638 6.56 61 80 98

. .

-1.1

2..2

-5.5

1.1

-1.1

1.1

-6.5

-1.1

4.3

1 ().8

1.1

6.3

-5.0

7.5

1.1

3.8

3.8

-1.3

7.5

11.3

-5.0

-().8

2.5

1.3

1.3

1.?

1,3

1.3

2.1

1.3

2,1

3.8

2.1

‘1’tiblcnotcs:  (a) sccolldaryl>l~(~tot~~cttic  sIandarti;  (b) pa[(ially resolved doublcor young stcllarobjccl.
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‘I”aurus T;orcgmund Chndi(i;itcs based on R,] Analysis

-..——_.. ..— —

11)//  1 R-1 (A) M, ,h41 .M1 (]. (l)C)  (iO(]JC) (i+(pc) Av  Type (i(~C)
-.—. —

1859 18.36 2.39 (().()6) 13.3 13.6 13.9 78 ~g 101 4.1 M4 V 170

2105 18.56 2.31 ((),()7) 12.9 13.2 13.6 100 110 1 M 9.5 (;J v 600”

2147 18,16 2,29 ((),()5) ]2,9 ]~+] ]3.4 go 101 113 3.6 M4 V 175

2228 18.04 2.19 (().()4) 12.5 12,7 12.9 110 120 130 7.1 KS V 420

2262 19.06 2.33 (().1 1) 12.8 13.3 13.9 110 140 178 9.8 I(S v 1600

2347 18.()() 2.13 (().()4) 12.2 12.4 12.6 120 133 145 8.5 G3 v 600

2387 18.22 2.23 (().()5) 12.() 12.9 13.1 I ()() ]lg 130 8.3 1’8 v 1300

2411  18.S1 2.24 (().()6) 12.6 12,9 13,?. 116 130 153 7.5 G8 v 840

2429  18.61 2.25 (().()7) 12.6 13.() 13.3 116 136 160 1 ().4 A() V 1800

2430 18.57 2.31 (().()7) 12,9 13,2 13,6 1 ()() 120 136 10.4 A3 V 1500

2532 18.10 2.37 (().()6) 13.3 13.5 13.8 75 82 9’2 12.2 .,. . . .
———— —
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Opl]iuclms Fmcgmmd Candidalcs based m R,] Analysis

.

lIM 1 R-1 (A) M,
—...

,Ml ,M,

-397

398

450

465

466
———

18.03 2.30 (().()7) 1’2.9

18.79 2.39 (().()8) 1.2

18.70 2,39 (().()8)

18.55 2.29 (().()6)

18.43 2.25 (().()6) 12..7
. .

3,2

3.()

? .6

3,5

4 .()

4 .()

3.1 13,4

(1. (pc) (Io(pc)

105 123

108

87 104

1 ()() 121

13.() 13.2 109 125

d+ (pc) A,

11.2

11.2

124 13.3

140 11.1

143 11.4
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‘1’aurus and ophiucllus  Cmrdin;i(c l’mi[ions

- ..— —-.

11)//
-— .. -—-

18

29

241

604

794

823

926

94 ~

984

994

1235

1433

5017
—

~’allrus

RA(1950)

4:38:24.9

4:38:38.2

4:37:27.5

4:38:17.1

4:36:20.4

4:36:32,1

4:37:15,4

4:35:44.7

4:37:01.5

4:37:33.8

4:38:37.5

4:38:24.2

4:37:03.()
—-

1)1;(:(19so)

25;26:37

25:28:30

25:38:08

25:47:02

25:33:54

25:36:54

?5:45:14

25:46:28

?5:48:35

25:49:12

25:58:06

26:03:39

25:30:58

lIM

5

]9

43

74

9’2

103

113

218

?.20

221

587

777

. . .

ol)lliuchus

RA(1950)
—.

16:29 :05.1

16:30:08.3”

16:30:00.()”

16:30:01.9”

16:2’9:33,()

16:29 ;35.2

16:29 :31.3

16:29:59.()

16:?9:27.1

16:30:08.7”

16:29 :07.8

16:29:21.()

. . .

DI;C(1950)

-24:34:09

-24:32:10

-24:24:05

-24:21:26

-24:17:32

-24:16:38

-24:16:03

-24:23:55

-24:32:57

-24:21:14

-24:16:40

-24:33:51

. . .
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‘1’hc Cbmbincd Taurus an(i (lph 1 .uminmi [ y Iimct  iml

--.—. .—. .——. —...—— .-. ——. ——

Mv

(* ().5)
- . .

g

1()

11

12

13

14

15

16

17

18
-—— ————

N

1

2

1

4

3

3

3

1

4

<1

—

@(hf,,) @“(M,,)

(1()() x stars mag”]  pc”’)

0.5 (().5)

1.0 (().7)

0.5 (().5)

2.() (1 .0)

1.5 (().9)

1,5 (().9)

1 .s (().9)

0.5 (().5)

2.() (1 .0)

<().5 (().s)

0.5 (().5)

0.8 (().7)

0.5 (().5)

1.8 (1.1)

1.3 (1 .0)

1.3 ((),9)

1.3 (().9)

0.4 (().5)

11.5 (6.8)

<9.() (4 .0)

‘1’able Nolcs: @v is the u!lcorrcclcd  number dcnsily, :ind lhc values in parcntl)csis the coorcsponding  dN

unccrmin[y; @’v is the number density corrcctcd for mnplctcncss, the (;alactic dcnsi(y  gradient and

background star co]~[a]l]i]~:i(ior~,”  and lhc values in parcn[]lcsis (I)c wrrcspmiing  mud unccriaimy.
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Clmulativc  Number of (l~jccls fmn Various Surveys

————-——————. .—— .

~vli,r,

9.5

10.5

11.5

12.5

13.5

14,5

15.5

16.5

this sludy’

1 (1)

3 (2)

4 (2)

7 (3)

10 (3)

12 (4)

15 (4)

16 (4)

17.5 >19 (4) 39 (6)

18.5 -- --
—.—

WJK

1 (1)

2(1)

4 (2)

7 (’2)

11 (3)

14 (4)

16 (4)

17 (4)

18 (4)

18 (4)

1)1/11

1 (1)

2 (1)

3 (1)

6 (2)

9 (3)

10 (3)

14 (4)

16 (4)

18 (4)

. . .

~vli*c,

GR

1 (1)

2 (1)

4 (2)

8 (3)

10 (3)

1? (3)

1? (3)

13 (3)

13 (3)

14 (3)

1 (1)

2 (1)

4 (2)

7 (2)

9 (3)

10 (3)

11 (3)

12 (3)

12 (3)

12 (3)

NC+F’C
.—

1 (1)

2 (1)

4 (2)

6 (2)

8 (3)

9 (3)

10 (3)

10 (3)

11 (3)

. . .

‘1’able Notes: (a) ‘I”hc value corrcspmding  m M,, = 17,5 rcprcscn[ lower limits in the left hand box; the righ[

hand boxes contain the value corrcclcd by the Vnl,x tcchniquc.  (b) (X)rrcc[c(i  to [hc local number dcnsily

(take]] from Fig. 5 in S(obic et al. 1989). (c) Dctc.mimd for slat’s tow:itd  the NG1’ (Stobic et al. 1989).



1 ,isl of ltigures

l~igure 1 Visual extinction map of the IIcilcs’  (loud 2, ~~1) Iicld,  ‘1’hc  map is based on slar coun(s in

a grid of 41 x 37 rcscau CC1lS, each 1.4’ square. (lmlour ICVCIS corrcs[mnd m AV = 5 and 10 msg. I’hc

Av grcy-scale values range from 3 to 23 mag (wl]i[c 10 black).

Figure  2 Visual cxtinc[ion map of the ophiuchus  CT]> field. 7’hc map w:is cons[ructcd  from star counts

in a grid of 21 x 19 rcscau CCIIS,  each 1.25’ sqLlarc. Gmlour ICVCIS correspond to Av = 5 and 10 msg.

“J’hc Av grcy-scale wducs range from 3 to 21 mag (wlli[c  to black).

Nigmw 3 Model predictions of the absolulc magnitude histogrm of Ihc stars located within a 10 x 10

area in the dircclion  of the ‘1’aurus molecular clmd (Q = 173°, b L 13.60). In case (a), AvCiO”d  =- O is

assutncd,  i,c., Ihcrc is no obscuration duc 10 (11c cloud; in case (b), the cloud, located at a dis(ancc of 140

pc, func(im)s as a (iark scrccn. “1’hc  solid line rcprcscn[s  dwarf stars, (hc do([c(i line evolved disk gian[s,

and the dot-dashed line spheroid stars,

Figure  4 CCD photometry of ihc ‘I”aurus sample, prcscn[c(i  in the (V-R) vs. (R-I) plane. “1’hc V-band

1 ()% and 20% limi[ing magni[udcs arc roughly 21.2 and 22.0, rcspcc[ivc]y.  Stars wilh visual magnitudes

brighter than 13 arc cxcludcd.  Color unc.crlain(ics,  rcprc.scntcd by 10 crmr bars, arc also shown; st ars wi[ll

A(R-) > 10% arc Cxc]udc(i. All slars arc localcd alon[: a line of sigh[ wilh al least 3 rnagnitudcs  of visual

cxlinclion.  Mean colors of main-s cquc.ncc G - M dwarfs arc rcprcscntcd  by tl~c solid  line, and gianls by

the dashed line (Dcsscll  1991; Johnson 1966).

l“igurc S Mode] predictions of dctcc[ion frequency of foreground stars and background contaminant s[ars.

‘1’hc values arc conlpulc(i  using the opaque scrccn mc[hod  and the slcllar  dis[ribu[ion model dcscribcd  in

lhc lcx1. l~orcgrmnld  candidates (“dctcc[iw~s’() musi sa(isfy the fo]lowing two ccmditions: (1 ) VR1 colors

such thal ~ < ~,,,,X, where ~ is the minimum di ffcrcncc in magni(udc bet wcc.n (hc stellar ccdcms  (V-R) &

(R-1) an(i lhc cOrrcspOnding  main-scqucncc color, (V-l{ ),, & (R-]),), atld (2) plmtotnclric  parallaxcs d <

dCIOu,. in case (a), Av’l””~ = 0; in case (b), (1]c clmd func(ims as a dark scrccn. l“hc solid line rcprcscnls



the ratio of stars dctcclcd  as foreground objcc[s rc]alivc 10 ll~c ‘true’ total foreground s[ars. ‘I”hc dashcfi

]inc Corrcspon(is  to ti)c ratio of background stars (with false forcgroL!nd  detections) relative 10 the tolal

forcgmund candidate samp]c (inc]u(i ing Iruc an(i fal sc foreground ciclcc(ions).

Figure  6 WI> photometry of the Taurus candi(ia[c  forcgroumi stars prcscntcd in the (V-R) vs. (R-I)

pl:u}c. These sl:irs ((icno[cd by filic(i  circles) have colors IhaI lic wi[hi]l (). ] mag (dashed lines) of (hc

main scqucncc  track (solid line), and have a pho(omctric parallax placing [hcm in front of the molecular

cloud (d - 140 pc). Also plo[(cd (filled triangles) arc (I)c colors of visual doub]cs,  triples, or stars with

cxlcndcd  s[ructurc.  ‘i’hc remaining slars in the sample (SCC l’igurc 4) arc plo((cd witil  small dots.

Figure  7 W]> photomc(ry  of the (lphiuchus samp]c, prcscntc(i in ti~c (V-R) vs. (R-1) p]anc.  ‘1’hc V-ban(i

2(N4 limiting magnitu~ic  is -22.2. S[ars with visual magni[u(ics brighlcr tim 12 arc cxclu(icd. G]or

unccrlaintics,  rcprcscntc(i  by 1 G error bars, arc aiso simwn;  stars with A(R-1) > 1 ()% arc cxclu(icd. All

stars arc locatc(i  along a line of sigil(  wilh al lc:isl  3 magnitu(ics of visual cx(inclion,  As with l;igurc  6,

mean colors of main-scqucncc ~j - M (iwarfs arc rcprcscn[cd  by the solid line, and giants by the dashed

line.

l“igure 8 CCD photometry of LIIC  Ophiuci~us can(ii(ialc  forcgroun(i  stars prcscntcd  in the (V-R) vs. (R-1)

plane (dcnolcd by filled circles). Scc l;igurc 6 for a (inscription of l]lc remaining symbols.

l“igure 9 Spcc[rum of GI. 406. “1’his dwiirf  star is of SpCCtIal typc M6 V.

Figure  10 Spectrum of candidalc  forcgroun(i s(ar #KW4. ‘1’ilc flux levels arc in units of

1 ()”lfi  ergs cm-2 See-l A-].

Figure  11 SpcclrLml  of can(ii(lalc  forcgroutl(i  star #1823. ‘1’ilc flux levels arc ill units of

10”16 ergs CI]l-2 see-l ~-l.



Figure  12 Spcclrum of high proper motion  S(itr  #994, “1’lm flux levels arc in unils of

10”ls  ergs cm-2 see-i A-l.

Figutw 13 7’IIc cc)mbincd luminosity function (in units of sl:irs pc”3 mag’] x 1()()) for the Taurus anti

Ophiuchus fields, ‘1’hc rmgc in dcnsily, $V i A4)V, is illus[ratcd wilh grcy shaded magnitude bins. “1’hc

values have been corrcc[c(i  for the (ialac[ic dcnsily gradicn[ and contamination from background stars.

lMc 10 complclcncss problems, the Mv =- 17 t)itl  value rcprcscnls  ii lower ]imi[ to lhc true dcmity; II)C

dcnsi(y resulting from the Vn,,x concclirm is not shown on the plot  (due to a dynamic range cons~raini),

but is indicated by the arrow. Also shown arc the observed ]uminosi[  y funclions of Wiclcn,  Jalwci  ss &

KrUCggCr  (1983; denoted by filled circles), and Gilmorc  & Reid (1983; denoted by filled squares), where

lhc crmrbars corrcspm~ds  to the dN unccr[ain[y in each bin.
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